
80 Years of Computer 

History 
Lorrin R. Garson 

 

Lifetime Learning Institute 

of Northern Virginia 

Summer 2019 

 
Lecture 1 of 3  

August 22, 2019 

 
© 2019 Lorrin R. Garson 



Course Outline 

• Why 80 years? 

• Events presented chronologically 

• Prominent contributing individuals  

• A little rudimentary math 

• Relevant contemporaneous historical events 

• Often “the first” is difficult to determine 

• Conflicting dates are sometimes reported 

• My apologies for the inevitable errors! 
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Before Computers — There 

Were Computers 

3 

 active hypertext link 

https://en.wikipedia.org/wiki/Abacus


Before Computers — There 

Were Computers 

4 

https://en.wikipedia.org/wiki/Slide_rule


Harvard’s Computers (~1919) 

Williamina Fleming 
5 

https://www.space.com/34675-harvard-computers.html
https://en.wikipedia.org/wiki/Williamina_Fleming


Before Computers — There 

Were Computers 
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Human Computers at NASA 

1950s & 60s 

7 

https://crgis.ndc.nasa.gov/historic/Human_Computers
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What is a Computer? 

(As We Know It Today) 

An electronic device  

for storing and processing data,  

typically in binary form,  

according to instructions given to it in a 
variable program 

_________ 

____ ___ ______ 

______ 

______ 
_________ 

9 



Types of Computers 

• PCs  

• Tablets 

• Smartphones 

• Hand-held 

Calculators 

• Minicomputers 

• Workstations 

• Servers 

• Mainframes 

• Supercomputers 

• Internet of Things 

(IoT) 

10 



PCs 

• Used by individuals 

• $200 to $3,000 

• Used for: 

– E-mail 

– “Surfing” the Web 

– Office automation (Word, 
PowerPoint, Excel, etc.)  

– Photo/video editing 

– Gaming 

 

11 



Minicomputers 

• Midrange machines  

    PC < Mini < Mainframe 

• Multiuser 

• $20,000 to $100,000 

• Attached to other devices 

– CAT scanners 

– X-ray refractormeters 

– Mass spectrometers 

• Replaced by workstations 

12 



Workstations 

• "Super" PCs 

• $5,000 to $20,000 

• Individual users 

• Networked 

• Used for: 

– CAD/CAM applications 

– Video editing 

– Music production 

– Data analysis 
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Servers 

• Provide storage and 
services for other 
networked computers 

• $400 to $4,000 

• Types: 

– Application servers 

– Database servers 

– Printer servers 

– DNS servers 
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Mainframes* 

• Large enterprise computers 

• $75,000 to millions 

• High availability & redundancy 

• Hot swapping of components 

• Backward compatible software 

• Thousands simultaneous users 

• High transaction throughput 

• Large storage capacity 

 

 
* “Big Iron” 

• Businesses 

– Banking 

– Insurance 

– Health care 

– Inventory control 

– E-commerce 

• Governments 

– Military 

– IRS 

– Social Security 
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Supercomputers 

• Extreme numeric performance 

• $100 to $250 million 

• 1000s CPUs 

• Many/most use Linux 

• Used for: 

– Weather forecasting 

– Molecular modeling 

– Weapons design 

– Quantum mechanics 

– Petroleum exploration 

 

IBM’s “Intrepid” 

165,000 CPUs 
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Software 

• A collection of instructions that tell a 

computer what to do 

• Types 

– System, including operating systems 

– Applications (apps), aka programs 

– Utilities 

• Approximately 500-2,000 active 

programming languages 
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Software (cont.) 

• In the BASIC language (1964) 

The result?   Hello World! 

10 PRINT “Hello World!" 

19 

 source code 



Software 

• In the “C” language (1972) 

The result?   Hello World! 

/* A “C “program to print Hello World!  */ 

 

#include  <stdio.h> 

 

int main() 

{ 

     printf (“Hello World!\n”); 

     return 0; 

} 
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Software (cont.) 

• In the C++ language (1979) 

The result?   Hello World 

#include <iostream> 

 

int main ( ) 

{ 

        std::cout << “Hello World”; 

} 
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Software (cont.) 

• In the Java language (1995) 

The result?   Hello World 

public class Hello { 

            public static void main (String [ ] args) { 

                      System.out.println (“Hello World”); 

             } 

} 

22 



Software (cont.) 

• In the FORTRAN language (1957) 

The result?   Hello World 

PROGRAM HELLOWORLD 

10 FORMAT  (1X, 11HHELLO WORLD) 

WRITE (6,10) 

END 

23 



Software (cont.) 

• In the COBOL language (1959) 

The result?   Hello World! 

IDENTIFICATION DIVISION. 

PROGRAM-ID.  Hello. 

ENVIRONMENT DIVISION. 

DATA DIVISION. 

PROCEDURE DIVISION. 

                   Display  ‘Hello World!’. 

                   STOP RUN. 
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Software (cont.) 

• IBM 360/370/390 BAL (Basic Assembler 

Language, 1964) 

// EXEC ASSEMBLY  

               START  

MAIN BALR 2,0  

               USING *,2  

               OPEN PRINT  

               MVC BUF,HW  

               PUT PRINT  

               CLOSE PRINT  

               EOJ  

HW     DC            CL132 'HELLO WORLD’  

BUF    DS            CL132  

PRINT DTFPR     IOAREA1=BUF, DEVADDR=SYSLST,BLKSIZE=132, 

*  

                            DEVICE=3203,CONTROL=YES,PRINTOV=YES  

           END MAIN  

/*  

// EXEC LNKEDT  

// EXEC  

/*  

/&  
The result?   Hello World 
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Let’s Talk Numbers 

An important aside… 
26 



Math phobes? 

27 

Woof! 

Hang 

loose… 



Babylonian Numbers 

28 



“Modern Babylonian Numbers” 

• Time 

– 60 seconds/minute 

– 60 minutes/hour 

• Mathematics 

– 360° in a circle 

– trigonometric functions 

• Geography/Navigation 

– 38° 52’ 38” N     77° 17’ 20” W 
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1, 2, 3, 4, 5, 6, 7, 8, 9… 

What about ten? 

What about zero? 

30 



Basic Modern Arithmetic 

999 
Nine hundred and ninety-nine 

Symbols:  0, 1, 2, 3, 4, 5, 6, 7, 8, 9 

nine hundreds PLUS  

     nine tens PLUS 

        nine “things” 

 
    

31 



Basic Modern Arithmetic (cont.) 

One hundred PLUS zero tens PLUS 1 “thing” 

Symbols:  0, 1, 2, 3, 4, 5, 6, 7, 8, 9 

10110 

102     101       “things” 

…101000……104   103   102   101   “09 things” 

 1 count of things 

 zero (10s) 

 one (100s) 

One hundred and one 

32 



Binary Numbers 

 

33 

http://www.steves-internet-guide.com/binary-numbers-explained/
https://en.wikipedia.org/wiki/Binary_number


Basic Computer Arithmetic 

1012 
Equal to five in decimal (4 + 0 + 1 = 5) 

Symbols:  0 and 1 (binary) 

…27     26     25     24    23    22    21    0 or 1 

Decimal 128    64    32    16    8     4     2     0 or 1 

111111112  = 128+64+32+16+8+4+2+1 =  25510 

 a “1” 
 Zero twos 

 One four 

Base 60:  …604    603     602     601   1  60 

34 Base 12:  …124    123     122     121   1  12 



American 

Standard 

Code for 

Information 

Interchange 

 

Number 9 = 00001001  
ASCII character “9” = 00111001  
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Foundations of the Modern 

Computer 

18th-19th Century 

36 



Alois Senefelder 
(1771-1834)  

37 

http://www.historyofinformation.com/detail.php?id=436


Alois Senefelder 

• Actor, playwright, engineer, inventor 

• Invented stone printing (Steindruck) 1796 

– to print his plays 

• Lithography (from the French) 

• 1818—published “A Complete Course of 

Lithography” 

–  currently available on Amazon.com (free) 
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Archive of lithographic stones in München 

39 



Joseph Marie Jacquard  
(1752-1834)  

Tapestry woven on 

Jacquard loom   

40 

Science Museum 

London 

https://en.wikipedia.org/wiki/Joseph_Marie_Jacquard


The Jacquard Loom 

• Invented in 1804 

• Punched cards activate hooks and rods 

on a loom to create intricate patterns 

• Revolutionized weaving 

– greatly reduced labor costs 

– reduced price of intricate cloth 

– caused considerable civil unrest due to 

job loss 

41 



Museum of Science 

and Industry 

Manchester, England 

Jacquard loom 
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43 



Charles Babbage (1791-1871) 

44 

https://en.wikipedia.org/wiki/Charles_Babbage


“I wish to God these calculations  

had been executed by steam” 
Charles Babbage 
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The Difference Engine—1821 

• Created values for: 

– logarithms 

– trigonometric functions, etc. 

– using the method of finite differences in 

evaluating polynomials  

• Sample polynomial: f(x) = 2x4 – 5x3 + 2x2 + 17 

• Could compute 31-digit values for polynomials 

with terms up to X7 

• 1827—published accurate table of logarithms 

for 1 to 108,000 

46 



Replica 

Babbage’s 

Difference 

Engine #1 

Smithsonian 

National Museum 

Of American History 
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The Analytical Engine—1837 

• A mechanical general purpose computer 

• Fully programmable  

• Components: 

– The mill (CPU) 

– The store 1,000 50-digit numbers (RAM/HDD) 

– The reader—punch cards (input/output 

devices) 

• Steam driven 

• Never built 

48 



The Computer History Museum 

Mountainview, California 

“The Mill” 

Analytical 

Engine 

49 



Charles Babbage 

(1791-1871) 

50 



Babbage’s Other 

Accomplishments 

• Mathematician 

• Reformed the British post office 

• Pioneer in field of actuarial science 

• Discovered weather of past years could 

be ascertained from tree rings 

• Invented the cow catcher 

51 



From ”The Innovators” by  

Walter Isaacson,  

Simon & Shuster, 2014  

Ada, Countess of Lovelace 

52 

https://en.wikipedia.org/wiki/Ada_Lovelace
https://www.history.com/news/10-things-you-may-not-know-about-ada-lovelace


Ada Lovelace 

• Daughter of the poet Lord Byron 

• A gifted mathematician  

• Life-long friend of Charles Babbage 

• 1980—the DoD named a computer 

language “Ada” in her honor 

53 



Luigi Federico Menabrea* 
(1809-96) 

* Became Prime 
   Minister of Italy 
   in 1867 

54 

http://www-history.mcs.st-and.ac.uk/Biographies/Menabrea.html


Congress of Italian Scientists* 

• Charles Babbage gave presentation on his 

Analytical Engine 

• Menabrea took notes and published 

“Sketch of the Analytical Engine Invented 

by Charles Babbage” (1842) 

• Ada Lovelace translated the article and 

appended “Notes by the Translator” 

• “Notes by the Translator” becomes famous 

 

* In Turin, Italy, August 1840 
55 



56 

http://www.fourmilab.ch/babbage/sketch.html


“Notes by the Translator” 

• Ada described an algorithm (program) 

to compute Bernoulli numbers 

 

 

 

• Suggested the Analytical Engine could 

be used for things other than numbers 

– musical notes 

– symbols such as letters 
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George Boole (1815-64) 

58 

https://en.wikipedia.org/wiki/George_Boole


“Cool Boole” 

59 



Boolean Algebra (1854) 

• A branch of algebra that involves true 

and false values 

– T or 1 for true 

– F or 0 for for false 

60 



Boolean Algebra (cont.) 

• The AND operator (symbolically: ∧) also 

known as logical conjunction requires both p 

and q to be True for the result to be True 

1 = T or true 

0 = F for false 
61 



Boolean Algebra (cont.) 

• The OR operator (symbolically: ∨) requires 

only one value to be True for the result to be 

True 

1 = T or true 

0 = F for false 
62 



Math Phobe 

Enough! 

63 



Herman Hollerith (1860-1929) 

64 

https://www.encyclopedia.com/people/science-and-technology/electrical-engineering-biographies/herman-hollerith
https://www.census.gov/history/www/census_then_now/notable_alumni/herman_hollerith.html
https://en.wikipedia.org/wiki/Herman_Hollerith


Herman Hollerith 

• Degree in “Engineering of Mines” from 

Columbia University in 1879 

• Ph.D. from Columbia in 1882 

• Professor of mechanical engineering at MIT 

• U.S. Census Bureau statistician 

• Invented a electromechanical punched card 

sorter and tabulator 
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Hollerith’s Tabulator and Sorter 

66 



Hollerith’s Pantograph Punch 

December 31, 1919 
67 



First Mass Storage Device 
 

(Most of the 1890 records destroyed by a 

fire at the Commerce Department in 1921) 

Hollerith’s Punch Card 

68 



Counting the U.S. Population 

• 1880 U.S. census took eight years to 

tabulate 

• 1890 census took one year 

• First major use of electrical circuits to 

process information 
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Tabulating Machine Company 

• Formed by Hollerith in 1896 

• With two additional companies evolved 

into the Computing-Tabulating- 

Recording Company (C-T-R) in 1911 

• Evolved into International Business 

Machines (IBM) Corporation in 1924 

 

 

70 



Foundations of the Modern 

Computer 

20th Century 

71 



Telephone 

  

72 

https://bebusinessed.com/history/history-of-the-telephone/
https://en.wikipedia.org/wiki/History_of_the_telephone
https://en.wikipedia.org/wiki/Telephony
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Telephone (cont) 

  

Miss Crook or Miss Mickey 
(switch operators or operators) 

  



    

Electro-mechanical  

switching equipment 

~1900 

Telephone (cont) 
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Simple Switch/Relay 

 Open  Closed 

75 



Switching 

Off 

On 1 

0 
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Vacuum Tube 

• 1904—John Ambrose Fleming 
invented the diode 

• 1906— Robert von Lieben 
receives a patent for the triode 

• 1907— Lee De Forest improves 
(invents?) the triode 

• 1913—AT&T bought De Forest’s 
patent for $50,000 ($1.27 million 
in 2019) 

• 1915—First U.S. coast-to-coast 

telephone call facilitated by   

vacuum tube amplifiers  $21/3-

min ($522 in 2019) 

 

 

 

Fleming’s 1st Diode 
77 

http://edisontechcenter.org/VacuumTubes.html
https://en.wikipedia.org/wiki/Vacuum_tube


1930s 

Ford cars—a transportation metaphor 
78 



Vannevar Bush (1890-1974) 

Differential Analyzer at MIT  

79 

https://en.wikipedia.org/wiki/Vannevar_Bush


Differential Analyzer* (1928-31) 

• World’s first analog electrical-mechanical 

computer 

• To solve differential equations by 

integration 

• Could solve equations with up to 18 

independent variables 

• Subsequent Analyzer versions used to 

calculate artillery firing tables 

• Influential in training and inspiring the next 

generation of computer pioneers 

 * aka Continuous Integraph 80 



1937—a Big Year in Computer Science 

 

81 

For the history of the VW ”Beetle” see 

https://www.forbes.com/sites/msolomon/2018/09/14/luxury-lineage-a-brief-history-of-the-volkswagen-beetle/#6e1587295048


Konrad Zuse (1910-95) 

82 

https://en.wikipedia.org/wiki/Konrad_Zuse
https://www.german-way.com/notable-people/featured-bios/konrad-zuse/


Konrad Zuse 

• Design engineer—Henschel Flugzeug Werke 

• 1935-37—created floating point binary 

mechanical calculator, the Z1 

• 1940—Z2 a revised Z1 with telephone relays 

• Employed movie film instead of paper tape 

• 1941—Z3  the first fully (?) operational 

electromechanical digital computer 

83 

https://en.wikipedia.org/wiki/Z1_(computer)


Konrad Zuse (cont.) 

• 1945—computers and documentation 

destroyed in bombing attack on Berlin 

• 1950—Z4 made public (very reliable) 

• While working on the Z4 developed 

Plankalkül, the first high-level computer 

language 

• IBM licensed several of Zuse’s patents 

• Founded several computer companies 

(Models Z1 through Z43) 
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Konrad Zuse’s Z3 (replica) 

Deutsches Museum 

München, Germany 85 



John Vincent Atanasoff  
(1903-95) 

John Atanasoff 

at Iowa State ~1940 

 

From ”The Innovators” by  

Walter Isaacson,  

Simon & Shuster, 2014  

86 

http://jva.cs.iastate.edu/jvabio.php
https://en.wikipedia.org/wiki/John_Vincent_Atanasoff


John Vincent Atanasoff 

• Iowa State University, Ames 

• Developed the Atanasoff-Berry 

computer (1937 into 40s) 

– “first” electronic digital computer 

– used vacuum tubes 

– used binary math 

– used Boolean logic 

– solve up to 29 simultaneous linear 

equations 

87 



Atanasoff-Berry Computer 

• Computer obscure for many years (until 

1960s) 

• Rancorous lawsuits involving Mauchley 

and Eckert 

 

88 

https://en.wikipedia.org/wiki/Atanasoff%E2%80%93Berry_computer


Alan Turing (1912-54) 

Alan Turing at age 16 

 
From ”The Innovators” by  

Walter Isaacson,  

Simon & Shuster, 2014  
89 

https://en.wikipedia.org/wiki/Alan_Turing
https://www.bl.uk/people/alan-turing
https://www.turing.org.uk/publications/dnb.html


Famous 1937 Mathematics 

Article 

• Title:  “On Computable Numbers, with an 

Application to the Entscheidungsproblem” 

– Proceedings of the London Mathematical 

Society, Vols 2-42, Issue 1, 1 January 

1937, pp. 230-265 

• Published at the age of 24 

• Undoubtedly the most famous theoretical 

paper in the history of computing 
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Famous 1937 Mathematics 

Article (cont.) 

• A mathematical description of a universal 

machine to solve any mathematical 

problem that can be presented in symbolic 

form 

• Known as Turing’s computer 

------------------------- 

• 1935—Fellow at King’s College, 

Cambridge University 

• 1937—Turing and John von Neumann 

discussed what would later be called 

“artificial intelligence” 91 



First page 

92 

https://www.cs.virginia.edu/~robins/Turing_Paper_1936.pdf


Last page 

  

93 

Ph.D dissertation (Princeton) 

“Systems of Logic Based 

On Ordinals” (1938) 

https://webspace.princeton.edu/users/jedwards/Turing Centennial 2012/Mudd Archive files/12285_AC100_Turing_1938.pdf


Cryptography 

• Mesopotamian clay tablets ~1500 BC 

• Caesar cipher [Julius Caesar (100-44 BC)] 

94 



Cryptography (cont.) 

• Thomas Jefferson’s cypher wheel (1795) 

• Re-invented or improved by Etienne 

Bazeries  (~1890) 

• Basis for “M-94” cipher machine used by 

U.S. military from 1922 to ~1942 

95 

https://en.wikipedia.org/wiki/M-94
https://www.monticello.org/site/research-and-collections/wheel-cipher


Jefferson’s Cipher Wheel* 

* Reproduction—24 alphabet wheels 96 



Enigma Machine (1926-1945) 

• Invented by Arthur Scherbius 

• First marketed to businesses (1926) 

• Improved models produced over the years 

• Widely used by the German military during 

World War 2—radio communications 

• Used 3-8 alphabet rotors 

• Plugboard swapped 10-13 character pairs 

(A  D,    Z  L,    M  B, etc.) 

• 1.589 x 1020 machine settings (3 rotors) 

97 

https://www.youtube.com/watch?v=G2_Q9FoD-oQ
https://en.wikipedia.org/wiki/Enigma_machine


Enigma Machine (cont.) 

• Military—changed settings for rotors and 

plugboard daily 

• Decryption required enormous number of 

calculations (impossible by brute force) 

• Weaknesses 

– a letter in plain text could not appear as 

itself in cypher text 

– “Das Wetter heute ist…” 

– identical message sent in two different 

encryption systems 

98 



German Military Enigma Machine 

99 



Bletchley Park 

Government Code & Cypher School (GC&CS) 
100 

https://bletchleypark.org.uk/


Bletchley Park 

• Home of British codebreakers in WW2 

• Purchased in 1938 by Hugh Sinclair with 

£6,000 of his money ($486,000 today) 

• Many staff recruited from Oxford & Cambridge 

– Mathematicians 

– Linguists 

– Chess players 

– “Mathematicians worked alongside girls in 

pearls” 

• 1938/9—a few dozen staff 

• 1945—10,000 staff 
101 

https://en.wikipedia.org/wiki/Hugh_Sinclair


Bletchley Park Bombe 

• Originally developed by the Poles in 

1930s (bomba kryptologiczna) 

– electro-mechanical device to help 

decipher German Enigma encrypts 

• Re-designed by Alan Turing and 

improved by Gordon Welchman 

• 1940—2 bombes operational 

• 1945— ~200 working bombes  

• Highly successful in breaking German, 

Italian, Russian codes… and others 

102 

https://www.youtube.com/watch?v=OdZ0tXRaPCw
https://en.wikipedia.org/wiki/Bombe


Bombe Replica* 

* National Museum of Computing, Bletchley Park 
103 



Bletchley Park “Heath Robinson” 

• Electro-mechanical device to help 

decipher German Lorenz encrypts, 

1943-5 

• Communications for the German High 

Command and Adolf Hitler 

• 10-12 rotors 

• Teleprinter communications 

• Radio communications later in the war 

• British very adept in decoding 

104 



* National Museum of Computing, Bletchley Park 

Heath Robinson Replica* 

105 

https://en.wikipedia.org/wiki/Heath_Robinson_(codebreaking_machine)


Thomas Harold Flowers 
(1905-98) 

• Electrical Engineer 

• General Post Office 

at Dollis Hill 

• Explored use of 

electronics for 

telephone 

exchanges 

• Alan Turing asked 

him to help 
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http://www.computinghistory.org.uk/det/1078/Tommy-Flowers/
https://en.wikipedia.org/wiki/Tommy_Flowers


Bletchley Park Colossus 
• Designed by Tommy Flowers 

• Mark 2—2,400 vacuum tubes 

• Five 6-bit shift registers 

• Programmed by switches and plugs, 

not a stored program 

• Paper tape input 

• Electric typewriter output  
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http://www.tnmoc.org/explore/colossus-gallery
https://www.youtube.com/watch?v=9HH-asvLAj4
https://en.wikipedia.org/wiki/Colossus_computer


Bletchley Park Colossus (cont.) 

• Mark 1 worked in December 1943 

• Mark 2 in production June 1, 1944 

• 10 Colossi in use by end of war 

• Used until 1960 

108 



* National Museum of Computing, Bletchley Park 

Colossus Replica* 

109 



Bletchley Park 

1974, F. W. Winterbotham  

Published “The Ultra Secret” 

Secrecy prevailed until 1974 

110 



* Worked at Bletchley Park and passed information to Russians 

The UK’s Security Problem 

• Soviet spies active in MI5 and MI6 1940s 

50s and 60s 

– MI5 (British Security Service, similar to FBI) 

– MI6 (British Foreign Intelligence, similar to CIA) 

• “The Cambridge Five” 

– Anthony Blunt (confessed, not prosecuted) 

– Guy Burgess (defected to the USSR) 

– John Cairncross* (confessed, not prosecuted) 

– Donald Maclean (defected to the USSR) 

– Kim Philby (defected to the USSR) 

111 

https://en.wikipedia.org/wiki/Kim_Philby
https://en.wikipedia.org/wiki/Donald_Maclean_(spy)
https://en.wikipedia.org/wiki/John_Cairncross
https://en.wikipedia.org/wiki/Guy_Burgess
https://en.wikipedia.org/wiki/Anthony_Blunt


112 



John von Neumann 

(1903-57) 

113 

https://www.famousscientists.org/john-von-neumann/
http://www-history.mcs.st-andrews.ac.uk/Biographies/Von_Neumann.html
https://en.wikipedia.org/wiki/John_von_Neumann


John von Neumann 

• Born: Neumann János Lajos (Hungary) 

• Father elevated to nobility in 1913 

• At age 6 could divide two 8-digit numbers in 

his head 

• Party trick: memorize page of phone book 

and recite names and phone numbers 

• Age 15 studied advanced calculus 

• Age 23 B.S. in chemical engineering and 

Ph.D. in mathematics 

• Professor at Princeton University 

114 



John von Neumann (cont.) 

• Cultivated and highly sociable 

• His wife, “John can count anything but 

calories” 

• Numerous accomplishments in mathematics 

• Other contributions: 

– Von Neumann computer architecture 

– Quantum mechanics 

– Game theory (economics) 

– Statistics 

– Nuclear weapons design 

– Worked with Mauchly and Eckert on the ENIAC 

computer 

 

 

115 



Claude Shannon (1916-2001) 

116 

https://en.wikipedia.org/wiki/Claude_Shannon
https://www.itsoc.org/about/shannon


Claude Shannon 

• A grad student under Vannevar Bush at MIT  

• 1937—time off from MIT* worked at Bell 

Labs 

• MS thesis:  “A Symbolic Analysis of Relay 

and Switching Circuits” 

– switching circuits to simplify electro- 

mechanical relays (phone routing) 

– proved these circuits could solve all problems 

that Boolean algebra could solve 

* Ph.D. from MIT in 1940 117 



Claude Shannon (cont.) 

• 1940—National Research Fellow at 

Princeton’s Institute for Advanced Study 

– contact with Hermann Weyl, John von 

Neumann, Albert Einstein and Kurt Gödel  

• During World War 2 

– 1943 in contact with Alan Turing 

– worked with U.S. Navy’s cryptanalytical service 

• Considered the father of information theory (his 

MS thesis) 

118 



“I wish to God these calculations  

had been executed by steam” 
Charles Babbage 

Engineers at Bell Labs—  

struggling with complex calculations 

119 



George Stibitz* (1904-95) 

* 1930 Ph.D. in mathematical physics, Cornell University 120 

https://history.computer.org/pioneers/stibitz.html
https://history-computer.com/ModernComputer/Relays/Stibitz.html


George Stibitz 

• A mathematician working at Bell Labs 

same time as Claude Shannon 

– worked on how to handle complicated 

calculations needed by phone engineers 

• Created a circuit to add binary numbers 

using light bulbs and a tobacco tin—at 

his kitchen table (Model K-1) 

• Proposed building a general calculator 

using an electric circuit (1937) 

121 



George Stibitz (cont.) 

• Complex Number Calculator (1939) 

– 400 relays (switches) 

– each opening and closing 20x/sec 

• Blindingly fast compared to mechanical 

calculators 

• Glacially slow compared to vacuum-tube 

circuits just being invented 

122 



1940s 

123 



Howard Aiken* (1900-73) 

* 1939 Ph.D. in physics, Harvard University 124 

https://www.computer.org/profiles/howard-aiken
http://www-history.mcs.st-andrews.ac.uk/Biographies/Aiken.html


“I wish to God these calculations  

had been executed by steam” 
Charles Babbage 

Doctoral student at Harvard 

struggling with tedious calculations 

125 



Howard Aiken 

• Department head mentioned something 

in the attic that might help 

• A demonstration model of Babbage’s 

Difference Engine (~100 years old) 

• 1939—wrote research proposal to IBM 

and Harvard faculty to create a modern 

version of Babbage’s machine 

• Harvard sniffed  

• 1941—IBM constructed the machine to 

Aiken’s specifications 

126 



Howard Aiken (cont.) 

• 1941—Aiken joined the U.S. Navy 

• Taught at the Naval Mine Warfare 

School in Virginia (Yorktown?) 

• 1944—IBM shipped the Mark 1 

computer to Harvard 

• Navy assigned Aiken as “officer in 

charge” of the Mark 1 

– all Aiken’s staff U.S. Navy personnel  

– able to avoid academic bureaucracy 

– Harvard still sniffed (no professorship 

for you—not yet) 
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Harvard University—Mark I Computer 

 Grace Hopper Howard Aiken  
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Harvard Mark I Computer* 

* aka ASCC (Automatic Sequence Controlled Calculator) 
129 

https://en.wikipedia.org/wiki/Harvard_Mark_I


Harvard Mark I 

• 51 feet long, 8 feet high, 4.7 tons 

• Digital (base 10) not binary 

• Slow—765,000 electromechanical 

components  (6 sec to do a multiplication) 

• Programs and data entered by paper tape 

• Ran for days without human intervention 

• Fully automatic 

• “Babbage’s dream come true”—Howard Aiken 
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Harvard Mark I (cont.) 

• Successors to Mark 1 

– Mark II (1947-8) 

– Mark III/ADEC (1949) 

– Mark IV (1952) 

• Used for U.S. Navy and Air Force projects 

• All the work of Howard Aiken 

 

 

131 



Commodore  

Grace M. Hopper, USN 

(1906-92) 

• aka “Amazing Grace” 

• Computer scientist and U.S. Navy 
officer (41 years active service) 

• “Grandmother” of COBOL 

• One of first Harvard Mark I 
programmers 

• Developed first compiler for a 
computer language 

• Coined term “computer bug” 
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https://www.public.navy.mil/surfor/ddg70/Pages/namesake.aspx
https://president.yale.edu/biography-grace-murray-hopper
https://en.wikipedia.org/wiki/Grace_Hopper


The Original Computer Bug 

133 



80 Years of Computer 

History 
Lorrin R. Garson 

 

Lifetime Learning Institute 

of Northern Virginia 

Summer 2019 

 
Lecture 2 of 3  

August 29, 2019 

 
© 2019 Lorrin R. Garson 

Next week  



The Original Computer Bug 
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Here is where we left off… 

 Grace Hopper’s research book 



From ”The Innovators” by  

Walter Isaacson,  

Simon & Shuster, 2014  

John Mauchly 

(1907-80) 
J. Presper Eckert 

(1919-95) 
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https://history-computer.com/People/EckertBio.html
https://en.wikipedia.org/wiki/J._Presper_Eckert
https://history.computer.org/pioneers/mauchly.html
https://en.wikipedia.org/wiki/John_Mauchly


ENIAC 

• Designed by Mauchly and Eckert 

• Funded by U.S. Army to calculate artillery 

firing tables* 

• Designed to be a general purpose computer 

• Construction started in 1943 

• Used decimal, not binary numbers 

• 17,000 to 20,000 vacuum tubes 

• Failure of 2-6 vacuum tubes/day 50% uptime**  

 
* Also used in the development of the hydrogen bomb 

137 
** Longest continuous operation 116 hours 

https://www.seas.upenn.edu/about/history-heritage/eniac/
https://en.wikipedia.org/wiki/ENIAC


ENIAC (cont.) 

• 98 ft long, 8 feet high, 3 feet deep; 30 tons 

• Used subroutines and conditional branching 

• 5,000 additions and subtractions per second— 

100 times faster than any previous computer 

• Operational in 1945—in operation until 1955 

• Development cost ~$500,000 in 1943 (~$7 

million today) 

• Origin of the commercial computer industry 
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ENIAC* 

* ENIAC = Electronic Numerical Integrator and Computer 
139 



EDVAC* 

• Successor to the ENIAC 

– designed by Mauchly and Eckert 

• Funded by U.S. Army  

• Designed to be a general purpose computer 

• Stored program 

• 5.5 KB memory 

• Floating point arithmetic (example 3.566 x 105) 

• Used binary numbers 

• Used magnetic tape 
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* Electronic Discrete Variable Automatic Computer 

https://en.wikipedia.org/wiki/EDVAC
https://www.thocp.net/hardware/edvac.htm


EDVAC (cont.) 

• 6,000 vacuum tubes and 12,000 diodes 

• Weighed 8.7 tons 

• Consumed 56 kW electricity 

• 1949—installed at the U.S. Army Ballistics 

Research Laboratory (Aberdeen, Maryland) 

• Operating personnel—30 people per 8-hour 

shift 

• Famous, influential report by  John von 

Neumann on the EDVAC 

141 

http://ds-wordpress.haverford.edu/bitbybit/bit-by-bit-contents/chapter-five/5-2-john-von-neumann-and-the-report-on-the-edvac/


EDVAC* 

142 * EDVAC = Electronic Discrete Variable Computer 



• A machine that is (a) electronic, (b) 

general purpose, (c) and programmable 

• “Turing-complete”—can be used to 

solve any computation problem 

The Modern Computer 

143 
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So… Who Invented the 

Modern Computer? 

Oops… an error, it’s Konrad Zuse 



"I think there is a world market  

 for maybe five computers."  

Thomas J. Watson, Sr. 

(1874-1956) 
CEO & Chairman 

IBM 

1914-1956 
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https://en.wikipedia.org/wiki/Thomas_J._Watson
https://www.i-programmer.info/history/people/506-thomas-j-watson-sernior.html


The Transistor 
December 16, 1947 

Bell Laboratories 146 

Bell Labs 

(1925) 

  

Bellcore 

[iconectiv] 

(1983) 

  

Telcordia 

Technologies 

(1999) 

  

Ericsson 

(2012) 

https://www.computerhistory.org/revolution/digital-logic/12/273
https://en.wikipedia.org/wiki/History_of_the_transistor
https://en.wikipedia.org/wiki/Transistor


Bell Laboratories 

• Searching for a replacement for 

vacuum tubes for switching in 

telephone circuits 

• Vacuum tubes: 

– expensive 

– faster than relay switches but slow 

– require lots of energy 

– short lifespan (high maintenance) 
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Today:  Bell Laboratories “The world leader in rodent 

control technology” 

https://ethw.org/Bell_Labs
https://www.belllabs.com/
https://www.belllabs.com/
https://www.nytimes.com/2012/02/26/opinion/sunday/innovation-and-the-bell-labs-miracle.html


The Inventors 

William Shockley 

Walter Brattain 

148 

Battle 

over 

patents 

see 

 

John Bardeen 

https://en.wikipedia.org/wiki/John_Bardeen
https://en.wikipedia.org/wiki/William_Shockley
https://en.wikipedia.org/wiki/Walter_Houser_Brattain
https://www.pbs.org/transistor/background1/events/patbat.html


Transistor as a Switch 

Apply voltage  

  

Switch   

Closed  

No voltage  

  

 Switch   

open  

1 0 
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https://electrosome.com/transistor-as-a-switch/
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Diode 

https://en.m.wikipedia.org/wiki/RadioShack


Transistor Radio 

Regency TR-1 

November 1954 

 

Texas Instruments 

 and I.D.E.A. 
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1950s 
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Man or Machine? 

• Alan Turing published “Computing 

Machinery and Intelligence”* 

– a discussion of thinking and intelligence 

__________________ 

• A human queries… 

– a computer 

– and a human 

• If the answers from computer and 

human are indistinguishable… 

* Mind, LIX (236), October 1950, pp. 433-460  
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https://www.csee.umbc.edu/courses/471/papers/turing.pdf


Man or Machine? (cont.) 

• …is the computer thinking?  Does it have 

intelligence?  

• The “Turing Test” 

• The seminal paper in artificial intelligence 

• “We may hope that machines will 

eventually compete with men in all purely 

intellectual fields.”—Alan Turning 

154 

https://www.csee.umbc.edu/courses/471/papers/turing.pdf


1951—Univac 1 

At the U.S. Census Bureau 155 

https://www.youtube.com/watch?v=ZU-IVshCAss


Univac 1 

• Created by Eckert and Mauchly 

• First commercial computer in U.S. 

– produced by Remington Rand 

• 5,200 vacuum tubes, 14.5 tons 

• 46 sold at $1 million each ($9 million today) 

• 1952—from 1% of voting population, 

predicted Eisenhower winner over 

Stevenson  

156 

https://en.wikipedia.org/wiki/Remington_Rand
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1 

1952 presidential election 

Eisenhower vs. Stevenson 

Printout from 

Univac 1 

 

442 89 

27,375,090 34,075,529 

_____________ 

Programmers never imagined needing more than 2 digits 

  

https://en.wikipedia.org/wiki/1952_United_States_presidential_election
https://www.npr.org/sections/alltechconsidered/2012/10/31/163951263/the-night-a-computer-predicted-the-next-president


1952—IBM 701 

158 

https://en.wikipedia.org/wiki/IBM_701


IBM 701 

• Beginning of IBM’s entry into large 

computers (1953) 

• Lease $15,000/month* 

• First commercial scientific computer 

• In production 3 years; 19 units leased 

• Used by  

– aircraft manufactures 

– DoD nuclear weapons designers 

 
* $140,000/month today 
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1956—IBM 350 Disk Drive 

• First commercial HDD 

• 50 platters 

• 100 bytes/platter 

• 5 million 6-bit characters 

• Total storage 3.75 KB* 

• Lease price  

    $7,000/month 

    (2019 dollars) 

160 * Subsequent models had 5, 10, 15 or 20 MB 

https://www.ibm.com/ibm/history/exhibits/storage/storage_PH0350A.html
https://en.wikipedia.org/wiki/History_of_IBM_magnetic_disk_drives#IBM_350


IBM’s Current Businesses 

Deutsches Museum 

München, Germany 161 

“Computer” isn’t mentioned 



391 San Antonio Road,  

Mountain View, California 

162 

1956 

https://en.wikipedia.org/wiki/Shockley_Semiconductor_Laboratory


Shockley Laboratories 

• 1956—established by William Shockley 

– funded by Arnold Beckman 

• Convinced silicon would replace germanium 

• Created theoretical theory of solar cells 

– showing a maximum efficiency of 30%* 

• Shockley as a manager… 

– outstanding in picking talent 

– over 20 years, 65 companies were founded 

by 1st or 2nd generation former Shockley Labs 

employees 

– horrific as a manager 

163 * Solar cells >40% efficiency have been created 

https://en.wikipedia.org/wiki/Arnold_Orville_Beckman


391 San Antonio Road,  

Mountain View, California 
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391 San Antonio Road,  

Mountain View, California 
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”…for their researches on semiconductors and  

 their discovery of the transistor effect.”  
166 



Robert Noyce 

William Shockley 

Gordon Moore 
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Gordon Moore 

Sheldon Roberts 

Eugene Kleiner 

Robert Noyce 

Victor Grinich 

Julius Blank 

Jean Hoemi 

Jay Last 

The “Traitorous Eight” 
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https://en.wikipedia.org/wiki/Traitorous_eight


Fairchild Semiconductor 

International, Inc.* 

• 1957—founded by the “traitorous eight”  
– a division of Fairchild Camera and 

Instruments 

• Pioneer in manufacturing transistors and 

integrated circuits 

 

More about Robert Noyce and Gordon Moore 

shortly 

169 

* Since 2016 a subsidiary of ON Semiconductor 

https://en.wikipedia.org/wiki/Fairchild_Semiconductor


Jack Kilby 

1923-2005 

We have a problem… 
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Integrated Circuits 

Jack Kilby 

(1923-2005) 
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Jack Kilby 

• Worked at Texas Instruments 

• Patent filed February 6, 1959 

“Miniaturized Electronic Circuits” 

• 2000—Nobel Prize in Physics with Zhores 

Alferov and Herbert Kroemer* 

• Technology improved by Robert Noyce 

– Kilby used germanium 

– Noyce used silicon 

– Noyce eliminated wires 

– other enhancements 

 * Had Robert Noyce survived, he probably would have been included 
172 

https://www.nobelprize.org/prizes/physics/2000/kilby/biographical/
https://en.wikipedia.org/wiki/Jack_Kilby
https://inst.eecs.berkeley.edu/~ee40/su04/publications/3138743.pdf


Integrated Circuit 

Jack Kilby 

Jack Kilby’s original integrated circuit (1958) 
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1957—Fortran Developed 

• Designed by John Backus & team at IBM 

• General purpose language especially 

suited to numeric and scientific computing 

• Used for: 

– Weather prediction 

– Computational fluid dynamics 

– Computational physics and chemistry 

– Crystallography 

• Still in use today (legacy systems) 
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https://en.wikipedia.org/wiki/Fortran


1959—Cobol 

• Designed by CODASYL* for DoD 

• Based on design work of FLOW-MATIC 

developed by Grace Hopper 

• Widely used in business, finance, and  

administrative systems on mainframes 

• Verbose, 300+ reserved words 

• Largely used in legacy systems, but… 

– estimated 100 billion lines of COBOL still 

used today 

* Conference/Committee on Data Systems Languages 
175 

https://en.wikipedia.org/wiki/COBOL


DEC PDP-1 (1959) 

DEC = Digital Equipment Company 
176 

https://en.wikipedia.org/wiki/PDP-1
https://www.youtube.com/watch?v=1EWQYAfuMYw


PDP-1 

• PDP = Programmed Data Processor 

• First minicomputer 

• 2,700 transistors and 3,000 diodes 

• 9 to 65 KB RAM 

• 187 KHz clock speed* 

• Seed of “hacker culture” at MIT 

• “Spacewar”—first computer game,  

created by Steve Russell 

* 187 KHz = 0.000187 GHz 
   This computer: 2.6 GHz 

177 

 Several comparisons 

     to follow 



1960s 
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IBM 7030 “Stretch” Supercomputer 

179 

https://en.wikipedia.org/wiki/IBM_7030_Stretch


IBM 7030 Supercomputer 

• IBM’s first transistorized computer (1961) 

• Designed by Gene Amdahl 

• World’s fastest computer 1961-64 

• Price—$8 million ($66.5 million today); only 

9 sold 

• 35 tons 

• 64-bit processor 

• Memory 2.048 MB 

• Speed 1.2 MIPS 

180 

https://www.ibm.com/ibm/history/ibm100/us/en/icons/system360/
https://en.wikipedia.org/wiki/Gene_Amdahl
https://en.wikipedia.org/wiki/Amdahl_Corporation


IBM System/360 

181 

https://www.ibm.com/ibm/history/ibm100/us/en/icons/system360/


IBM System/360 

• In service 1965 to 1978 

– a family of 14 models of computers 

• Designed by Gene Amdahl 

• Commercial and scientific applications 

• 256 KB to 8 MB memory 

• Backward compatibility 
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Overview IBM Computers 
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IBM “Minnow” Floppy Disk Drive 

(1969) 
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IBM ”Minnow” Floppy Disk 

• Developed in 1967 

– marketed starting 1971 

• 8-inch (200 mm) floppy disk 

• 80 KB capacity 
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Types of Floppy Disks 

8-inch 

80 KB to 

1.2 MB  

5.25-inch 

160 KB to 

1.2 MB 

3.5-inch 

360 KB to 

1.44 MB  
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CDC 6600 Supercomputer* 

* CDC = Control Data Corporation 
187 

https://en.wikipedia.org/wiki/CDC_6600


CDC 6600 Supercomputer 

• World’s fastest 1964-69 

• Designed by Seymour Cray 

• $7 million (today $56 million) 

• 6 tons 

• CPU 10 MHz* 

• RAM 982 KB 

• Used FORTRAN 

– for scientific and engineering projects 

* 10 MHz = 0.01 GHz 
   This computer: 2.6 GHz 
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https://en.wikipedia.org/wiki/Seymour_Cray
https://en.wikipedia.org/wiki/Cray


“Mother of All Demos” 

• ACM/IEEE Meeting in San Francisco, 

December 9, 1968; ~1,000 attendees 

– presented by Douglas Engelbart 

• Live 90-minute demo of the “oN-Line 

System”, aka NLS 

• Telephone link to Menlo Park (30 miles 

away) 

• On YouTube today         

• The first public demonstration of the 

following on a single system… 
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https://en.wikipedia.org/wiki/Douglas_Engelbart
https://www.youtube.com/watch?v=yJDv-zdhzMY


“Mother of All Demos” (cont.) 

• Hypertext 

• Graphics 

• Windows 

• Video conferencing 

• Computer mouse 

• Word processing 

• Dynamic file linking 

• Revision control 

• A collaborative real-time editor 

• Efficient navigation and command input 

 

 

A panoramic view  
of the future  
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Engelbart’s Mouse 
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Intel 

• 1968—founded by Robert Noyce and Gordon 

Moore… and Andrew (“Andy”) Grove 

• Intel named from integrated electronics 

• Early developer of SRAM and DRAM memory 

chips 

• Following success of the PC, microprocessors 

became their major products (x86 architecture) 

• In competition with Microsoft for control of the 

direction of the PC industry 

• In strong competition with AMD and others 
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https://www.arrow.com/en/research-and-events/articles/difference-between-dram-sdram-and-ddr-memory-chips
https://www.transcend-info.com/Support/FAQ-296
https://en.wikipedia.org/wiki/Intel


Intel 1103 DRAM* Chip 

• Released October 1970 

• 1 KB capacity 

• Replaced magnetic core 

type memory 

* The traditional RAM in computers are DRAM 

   (Dynamic Random Access Memory) 
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https://www.thoughtco.com/who-invented-the-intel-1103-dram-chip-4078677


1970s 
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E-Mail Comes Along 

• Created by Ray Tomlinson 

– computer engineer at MIT 

– 1971 sent first message to himself via 

ARPANET 

– known for “@” locator in email addresses 

OR 

• Created by Shiva Ayyadurai 

– developed as a high school student in late 1970 

196 

https://en.wikipedia.org/wiki/Shiva_Ayyadurai
https://en.wikipedia.org/wiki/Ray_Tomlinson


IBM 3850 Mass Storage System 

• Released in 1974; used 

through 1986 

• Used thousands of 

cartridges (50 MB each) 

• Whole system held 472 

GB of data* 

197 

* This computer has 250 GB of SSD storage 

WD 10,000 GB drive   

http://bitsavers.trailing-edge.com/pdf/ibm/3850/GA32-0028-7_Introduction_to_the_IBM_3850_Mass_Storage_System_Jul75.pdf


Ted Hoff 
(1937—) 

• Ph.D. Elec. Eng. 

Stanford 1962 

• Intel 1968-1989 

• Atari 1984-1989 

• Teklicon 1990-

2007 
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https://en.wikipedia.org/wiki/Marcian_Hoff


Computer 

on a chip 

 A general purpose  

      digital computer 
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First to Market—Computer on a Chip (1971) 

Intel 4004 

2,300 transistors 

740 KHz clock speed* 

* 740 KHz = 0.00074 GHz 
   This computer: 2.6 GHz 
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https://en.wikipedia.org/wiki/Intel_4004


Most Used Operating Systems 
• Home computers: 

–  Windows (75.47%) 

–  macOS (12.33%) 

–  Linux (1.61%) 

–  Chrome OS (1.17%)* 

______________ 

• Smartphones—Android (Linux based) 

• Tablets—iOS  

• Linux in smart devices and IoT 

• Linux in Web servers and supercomputers 

* As of January 2019.  9.42% other or unknown; see 
201 

https://www.statista.com/statistics/218089/global-market-share-of-windows-7/


Unix 

• Developed at Bell Labs (1969-70) by 

Ken Thompson and Dennis Ritchie 

• A multi-user system 

• Developed on DEC PDP 11/20 

• Written in assembler language 

• For word processing…  

– for patent applications 

– ed text editor and formatting with nroff  

• nroff quickly spawned troff the first 

electronic publishing system 
202 

https://en.wikipedia.org/wiki/History_of_Unix
https://en.wikipedia.org/wiki/Unix


Unix (cont.) 

• 1972-73—the “C” programming 

language created by Dennis Ritchie 

• 1973—Unix was re-written in ”C” 

• 1973—Unix licensed to educational 

institutions 
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The Unix Family 
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HP-35 Scientific Calculator 

• Released in 1972 

• Marketed as “The new 

electronic slide rule” 

• A slide rule killer! 

• $395—$2,400 in today’s 

money 
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https://en.wikipedia.org/wiki/HP-35


Pong 

• 1972 Created by Alan 

Alcorn at Atari 

• The first video game 

• As a programming 

training exercise 

• Became wildly popular 

• Launched the electronic 

game industry 

206 

https://en.wikipedia.org/wiki/Pong
http://www.pong-story.com/intro.htm


Honeywell vs. Sperry Rand 

• 1964—Sperry Rand Corp granted a patent 

filed by Eckert and Mauchly for the ENIAC 

• Sperry Rand sued Honeywell on claims of 

patent infringement 

• Honeywell sued for monopolistic practices 

and fraud seeking to invalidate their patent 

• Ruling (October 19, 1973): 

– court invalidated Sperry Rand’s patent 

– assigned invention of electronic digital 

computer to John V. Atanasoff 

– put invention of electronic digital computer in 

public domain 
207 

https://wikivisually.com/wiki/Honeywell,_Inc._v._Sperry_Rand_Corp.#The_decision
https://en.wikipedia.org/wiki/Honeywell,_Inc._v._Sperry_Rand_Corp.


Xerox 9700 Laser Printer 

• First commercial laser printer 

– released October 1977 

• Developed by Gary Starkweather 

at PARC in early 1970s 

• Used a PDP 11/34 for print 

    controller and rasterizer 

• 300 dpi 

• 120 pages/minute   

• Price $500,000 (?)        
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https://en.wikipedia.org/wiki/Xerox_9700
https://www.news.xerox.com/news/40-year-anniversay-of-the-Xerox-9700-and-its-innovation
https://everything2.com/title/Xerox%209700


Xerox PARC Alto Computer 

• 1973—first computer with 

graphics oriented OS 

– decade before other GUI 

computers 

• Mouse 

• Late 1970s thousands in use 

at Xerox facilities 

• ~500 at universities 

• 1979 Steve Jobs visited 

PARC 

• 1981—attempts to market for 

$100,000 ($289,000 today) 
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https://history-computer.com/ModernComputer/Personal/Alto.html
https://en.wikipedia.org/wiki/Xerox_Alto


Cray 1 Supercomputer 

210 

https://www.youtube.com/watch?v=J9kobkqAicU
https://en.wikipedia.org/wiki/Cray-1


Cray 1 Supercomputer 

• 1976—first installed Los Alamos National 

Laboratory 

• 64-bit processor; 80 MHz* 

• 8.39 MB RAM  

• Storage 303 MB 

• Price $7.9 million ($36 million today) 

• Eventually >100 sold 

• Ten times faster than closest competitor 

• One of most successful supercomputers 

in history 

* 80 MHz = 0.08 GHz 
   This computer: 2.6 GHz 
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Manufacturing Computer Chips 

212 

10-minute video     

https://www.youtube.com/watch?v=vb4vs5LK8Fo
https://www.youtube.com/watch?v=F2KcZGwntgg
https://www.youtube.com/watch?v=aWVywhzuHnQ
https://www.youtube.com/watch?v=qm67wbB5GmI
https://www.youtube.com/watch?v=CrtNEoYQlqk


The Internet 

2004 Stamp of Azerbaijan 

35 Years of the Internet, 1969–2004 
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Pre-Internet Thoughts 

• Early 1900s-–Nikola Tesla imagines a 

“world wireless system” 

• 1930s & 40s—Paul Otlet and Vannevar 

Bush conceive searchable storage system 

for books and other media 

• Early 1960s—J.C.R. Licklider popularized 

idea of an “Intergalactic Network” 

• 1965—Ted Nelson published article about 

hypertext 
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https://elmcip.net/node/7367
https://en.wikipedia.org/wiki/World_Wireless_System
https://en.wikipedia.org/wiki/Memex
https://en.wikipedia.org/wiki/J._C._R._Licklider


Internet History in a Nutshell 

  
1969  

1985  

1991 Commercial Internet 
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The Internet 

• 1969—DoD created ARPANET* 

– linking UCLA, UC Santa Barbara, Stanford 

(SRI), and University of Utah 

– first message “LO” for ”LOGIN”… 

        … then Stanford’s computer crashed 

– system recovered “LOGIN” sent 

• 1974—Vinton Cerf and Bob Kahn published “A 

protocol for Packet Network Interconnection”—

describing TCP 

216 
* Advanced Research Projects Agency Network 

https://en.wikipedia.org/wiki/History_of_the_Internet
https://www.cs.princeton.edu/courses/archive/fall06/cos561/papers/cerf74.pdf
https://www.youtube.com/watch?v=42aWAAqoUfI
https://www.internetsociety.org/internet/history-internet/brief-history-internet/
https://en.wikipedia.org/wiki/Internet


The Internet (cont.) 

• 1974—first ISP (Telenet) established; 

commercial version of ARPANET 

• 1981—NSF provided a grant to establish 

Computer Science Network (CSNET) 

– providing networking services to university 

computer scientists (an ISP) 

• 1983—ARPANET adopted TCP/IP 

• 1983—DNS established (.com, .edu, .gov) 

• 1985—Symbolics Computer Corp became 

the first registered domain “Symbolics.com” 
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The Internet (cont.) 

• 1985—NSFNET established 

• 1986—both NSFNET and ARPANET quickly 

expanded across U.S. 

• 1987—20,000 hosts on the Internet 

• 1987—Cisco shipped first router 

• 1990—Tim Berners-Lee developed World 

Wide Web at CERN (released 1991) 
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The Internet (cont.) 

• 1991—NSF opened the Internet to commerce  

• 1993-–Marc Andreessen announced the Mosaic 

Web browser (numerous other browsers see     ) 

• 1994—Justin Hall developed the “blog” 

• 1995—NSF turned over Internet backbone to 

private industry (NSFNET discontinued) 

• Was the Internet designed for survival of 

communications in the event of nuclear war? 

– Yes—DoD, who funded its development 

–  No—academics who did much of the design and 

development 
219 

https://en.wikipedia.org/wiki/List_of_web_browsers
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2066 Crist Drive, Los Altos, California 

• 1998-–established as international not-for-profit 

• Assigns, manages and controls the domain 

name system (DNS) 

• Example domain name: 

– gmu.edu 

– 129.174.1.59 

• Does not control Internet content 

Guardian of  

The Internet 

https://www.youtube.com/watch?v=mpQZVYPuDGU
https://www.domain.com/blog/2019/01/22/what-is-icann/


Internet Users 2005-2018 

 Something special about 4,294,967,996 
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“Crowded Internet Problem” 

• Each user on the Internet requires an IP 

address, example 192.168.40.88 

• At present IP addresses (IPv4) use 32 

bits (4 bytes) which accommodates 232 

users, i.e., 4,294,967,996 

• Remember the “Year 2000” problem? 

Solution… 

• IPv6, using 128 bits, is being deployed 

– 2128 = 3.4028 x 1038 addresses 
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IBM 5100 

223 

Back to the 1970s 

https://www.ibm.com/ibm/history/exhibits/pc/pc_2.html
https://en.wikipedia.org/wiki/IBM_5100


IBM 5100 

• 1975—introduced on the market 

• First (?) “portable” computer, 53 lbs 

• IBM Palm CPU, 1.9 MHz* 

• Price $9,000 to $20,000 ($42,500 to 

$94,500 today) 

* 1.9 MHz = 0.0019 GHz 
   This computer: 2.6 GHz 
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https://en.wikipedia.org/wiki/IBM_PALM_processor


Personal Computer Timeline 

• 1975—IBM launches IBM 5100, first to look 

like a modern desktop PC 

• 1975—Microsoft founded by Bill Gates and 

Paul Allen 

• 1976—Apple founded by Steve Jobs and 

Steve Wozniak 

• 1976—Apple sold 200 Apple 1 computers 
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Apple Computer Manufacturing Facility 

226 

2066 Crist Drive, Los Altos, California 



Personal Computer Timeline (cont.) 

• 1977—Radio Shack introduced TRS-80 

• 1977—Commodore PET introduced 

• 1981—IBM launched PC with licensed 

Microsoft’s DOS 

• 1981—Osborne 1; $1,800* (23.5 lbs) (CP/M) 

• 1983—Compaq Portable, IBM PC compatible 

(Microsoft DOS), $3,590**, 28 lbs. 

• 1984—Dell Computer Corporation launched 

* $5,000 in 2019 dollars 

** $9,590 in 2019 dollars 
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Personal Computer Timeline (cont.) 

• 1984—Apple launched the Macintosh 

• 1985—Microsoft introduced Windows OS 

• 1980s-90s—Numerous advances in 

Windows PCs and Apple computers 

• 2002—one billionth PC sold 

• 2008—laptop shipments overtook 

desktop computer sales 

• 2007-2019—smartphones 
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Homebrew Computer Club 

• March 1975—first meeting in Gordon 

French’s garage in Menlo Park, California 

• Hobbyists, engineers, programmers 

• After one year ~750 members 

• Three notable members: 

– Steve Jobs 

– Adam Osborne 

– Steve Wozniak 

• At least 23 tech companies got their start at 

Homebrew 
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https://www.computerhistory.org/revolution/personal-computers/17/312
https://en.wikipedia.org/wiki/Homebrew_Computer_Club
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Guess Who? 
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Bill Gates’ open letter to 

Homebrew Newsletter… 

 

…decrying theft of software 

by hobbyists passing on  

Microsoft’s Altair BASIC 

https://en.wikipedia.org/wiki/Open_Letter_to_Hobbyists


Bill Gates  

(1955-) 

Paul Allen 

(1953-2018) 
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https://en.wikipedia.org/wiki/Bill_Gates
https://en.wikipedia.org/wiki/Paul_Allen


Microsoft 
• 1975—founded by Bill Gates and Paul Allen 

– to develop and sell BASIC for Altair 8800 

• Products: 

– 1980—MS-DOS (licensed to IBM) 

– 1985—Microsoft Windows 

– 1990—Microsoft Office 

– 2001—Xbox 

– 2008-–Azure Services (Cloud computing) 

– 2011—Office 365 

– 2012—The Surface laptops 

• 2019—Market capitalization $1.07 trillion 

 

 
235 

https://ycharts.com/companies/MSFT/market_cap


Guess Who? 

1973—visited the guru Maharaj-ji in India  
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Steve Jobs 

(1955-2011) 
Steve Wozniak 

(1950-) 

Who was the third founder of Apple? 
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https://en.wikipedia.org/wiki/Steve_Wozniak
https://en.wikipedia.org/wiki/Steve_Jobs


Apple, Inc. 
• 1976—founded by Steve Jobs, Steve Wozniak 

and Ronald Wayne* 

• Products: 
– 1970s—computers 

– 2001—iTunes 

– 2001—iPod 

– 2007—Apple TV 

– 2007—iPhone  

– 2012—iPad  

– 2014—Apple Pay 

– 2015—Apple Music 

– 2016—Apple Watch 

– 2019—Credit card & entertainment (streaming, games, etc) 

• 2019—market capitalization $962 billion 

* In 1976 sold his 10% share in Apple for $800 
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https://en.wikipedia.org/wiki/Ronald_Wayne
https://ycharts.com/companies/AAPL/market_cap


Apple, Inc.  
The Computer Company 

2018 revenue from computer sales $25.3 billion 

Profit margin of ~30% = $7.59 billion profit 

The Smartphone Company 
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https://www.statista.com/statistics/382260/segments-share-revenue-of-apple/
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Apple, Inc.  
The Computer Company 

2018 revenue from computer sales $25.3 billion 

Profit margin of ~30% = $7.59 billion profit 

The Smartphone Company 
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Here is where we left off… 

https://www.statista.com/statistics/382260/segments-share-revenue-of-apple/


1980s 
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Seagate ST-506 

• 1980—first HDD for PC (5.25-in) 

• 5 MB capacity 

• $1,500 ($4,800 today’s money) 
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https://en.wikipedia.org/wiki/ST506/ST412


Sun 1 Workstation 

• 1982—designed by graduate 

students at Stanford University 

• SunOS (derived from Unix 7) 

• Motorola 68000 CPU,10 MHz* 

• 256 KB to 2 MB RAM 

• No windows system (later X 

Window) 

• 2010—Sun Microsystems 

purchased by Oracle Corp. 

 * 10 MHz = 0.01 GHz 
   This computer: 2.6 GHz 

244 

https://en.wikipedia.org/wiki/Sun-1
https://www.oracle.com/sun/


The First “Internet of Things*” 

• 1982—Coke vending machine 

at Carnegie Mellon University 

• “Called home” to report: 

– inventory 

– temperature of drinks 

 

 

* aka IoT 

Modern 

Version 
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https://thefutureofsmart.wordpress.com/2014/10/04/the-first-iot-device-a-coke-machine/
https://www.ibm.com/blogs/industries/little-known-story-first-iot-device/


Growth: Internet of Things 
(number devices—billions ) 
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https://www.statista.com/statistics/471264/iot-number-of-connected-devices-worldwide/
https://www.postscapes.com/internet-of-things-market-size/


Smart Speakers 

Amazon Echo* 

 2nd Gen 

Google Home Apple HomePod 

* The Amazon Echo first came out on November 6, 2014 
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https://www.cnet.com/reviews/apple-homepod-review/
https://www.techradar.com/reviews/google-home
https://thewirecutter.com/reviews/what-is-alexa-what-is-the-amazon-echo-and-should-you-get-one/


Internet of Things 
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 (2015) 

https://www.meural.com/


Internet of Things 
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https://www.consumerreports.org/internet-of-things/gifts-that-snoop-internet-of-things-privacy-concerns/
https://www.iotforall.com/five-reasons-privacy-iot-incompatible/
https://reolink.com/internet-of-things-security-privacy-challenges/
https://epic.org/privacy/internet/iot/


CD-ROMs* and DVDs 

• 1984—Grollier’s Electronic 

Encyclopedia (12% of 

capacity) 

• Standard CD-ROM 120 mm 

holds 550-737 MB 

• 1997—DVDs available 

– 15 types 

– 3.95 to 9.39 GB capacity 
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* Introduced by Denon and Sony at a computer show in Japan in 1984 

https://en.wikipedia.org/wiki/CD-ROM
https://en.wikipedia.org/wiki/Grolier


Richard Stallman (1953-) 
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https://en.wikipedia.org/wiki/Richard_Stallman
https://stallman.org/


Richard Stallman 

• Advocate/activist for free software 

• Free software meaning… 

– free to use, study and distribute 

– source code available to all (open source) 

– does not mean without payment 

• 1983—Launched GNU project 

• Wrote GNU General Public license 

• 1985—Founded Free Software Foundation 
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Open Source Software 
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https://www.ow2.org/
http://www.softwarefreedom.org/
https://www.eclipse.org/org/foundation/
https://www.python.org/psf/
https://www.gnome.org/foundation/
https://www.linuxfoundation.org/
http://www.apache.org/
https://opensource.org/
https://www.fsf.org/
https://www.gnu.org/


Free Office Automation Software 

Not Free 

• Microsoft Office—Office 365 is now dominant 

• Google’s G Suite 
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https://www.wps.com/
https://www.freeoffice.com/en/
https://www.polarisoffice.com/en/
https://www.neooffice.org/
https://www.libreoffice.org/
https://www.apple.com/iwork/
https://www.google.com/docs/about/


Microsoft Word 

• Introduced in 1983 under the name “Multi-Tool Word” for 

Xenix computer 

• 1983—for IBM PCs and Apple OS 

• 1985—AT&T Unix PC and Atari ST (Tramiel OS) 

• 1989—Microsoft Windows and SCO Unix 

• 1988—Microsoft Office (Windows and macOS) 

– Word 

– Excel 

– PowerPoint 

– Outlook (1997) 

– OneNote 

– Publisher and Access (Windows only) 
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https://en.wikipedia.org/wiki/Microsoft_Word
https://en.wikipedia.org/wiki/History_of_Microsoft_Word


Famous Apple Commercial 

• 1995—Clio Awards Hall of Fame 

• 1995—Advertising Age, Greatest Commercial 

• 1999—TV Guide, Greatest Commercial of All Time 

• 2003—Hall of Fame Award 

• 2007—Best Super Bowl Spot 

• Others… 

• Available on YouTube 
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https://www.youtube.com/watch?v=2zfqw8nhUwA


1984 Super Bowl XVIII 

Sales of the Apple Macintosh took off! 
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https://www.youtube.com/watch?v=2zfqw8nhUwA


NeXT Inc.  

• 1985—founded by Steve Jobs  

• Created three generations of the NeXT computers 

(a workstation for the academic market) 

• Created the Unix-like NeXTSTEP operating system 

• 1990s—used at George Mason University 

• 1990s—used by Tim Berners-Lee to create WWW 

• 1997—Apple purchased NeXT Inc. to acquire 

– Steve Jobs 

– NeXTSTEP OS 
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https://en.wikipedia.org/wiki/NeXT
https://www.youtube.com/watch?v=IX1Nq30hZEQ


The Morris Worm 

• 1988—Robert Morris, age 23,  released an Internet 

worm, aka “The Great Worm” 

– caused major problems for days infecting 1000s of 

Unix computers 

– a denial of service attack 

– first person convicted under “Computer Fraud and 

Abuse Act” 

• Son of a computer security expert at NSA  

• Robert Morris became tenured professor at MIT in 

2006 
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https://en.wikipedia.org/wiki/Robert_Tappan_Morris
https://www.fbi.gov/news/stories/morris-worm-30-years-since-first-major-attack-on-internet-110218
https://en.wikipedia.org/wiki/Morris_worm


Computer Defeats Master 

Chess Players  

• 1989—IBM Computer “Deep Thought” 

defeated David Levy 

• 1996—IBM “Deep Blue” defeated Garry 

Kasparov*; 4 to 2 games 

• 1997–rematch, computer wins again 3.5 to 2.5 

games 

* Reigning world champion and Grand Master 
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https://en.wikipedia.org/wiki/Garry_Kasparov
https://en.wikipedia.org/wiki/Human%E2%80%93computer_chess_matches
https://en.wikipedia.org/wiki/David_Levy_(chess_player)


1990s 
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PGP Software 

• 1991—PGP* encryption software created by 

Phil Zimmermann 
– uses an exchange of public and private keys 

• Used for encryption of e-mail, files, directories, 

disk partitions, etc. 

• 1993—U.S. government started a criminal 

investigation; dropped case in 1996 

• 2002—PGP, Inc. formed 

• 2010—Symantec acquired PGP, Inc. 
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* Pretty Good Privacy 

https://readingroom.law.gsu.edu/cgi/viewcontent.cgi?referer=https://www.google.com/&httpsredir=1&article=2264&context=gsulr
https://en.wikipedia.org/wiki/Phil_Zimmermann
https://www.symantec.com/products/encryption
https://en.wikipedia.org/wiki/Pretty_Good_Privacy


Encrypted Communications 
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 Bob acquires  Message 

 Encrypted message 

 Only known to Alice 

Message   



Google 

Larry Page (left)       and Sergey Brin       in garage in Menlo Park 

265 
(Garage belonged to Susan Wojcicki, now CEO of YouTube) 

https://en.wikipedia.org/wiki/Larry_Page
https://en.wikipedia.org/wiki/Sergey_Brin


Google 

• 1998—Google, Inc. founded 

• 1998—had an index of ~ 60 million Web pages 
– crawling the Web, indexing & ranking 

• 1998—widely recognized as best search engine 

• Unofficial Google moto “Don’t be evil” 

• 2000—started selling ads based on: 

– price bid 

– click-throughs  (average $1 to $2/click) 

• 2004—Google went public 

266 

https://simple.wikipedia.org/wiki/Google
https://en.wikipedia.org/wiki/History_of_Google
https://www.wordstream.com/articles/what-is-google-adwords


Google (cont.) 

• 2015—reorganized as Alphabet, a holding 

company 

• 70 offices in 50 countries (?) 

• 2019—market capitalization (Alphabet, 

Inc.) $835 billion 
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https://ycharts.com/companies/GOOG/market_cap


Amazon 

• 1994—established, selling books online 

– software, video games, apparel, jewelry, etc. 

• 2005—Web Services started (Cloud storage) 

• 2007—Amazon Fresh 

• 2007—Amazon Kindle 

• 2010—Sales of Kindle books > hardcopies 

• 2014—Amazon Echo 

• 2015—Amazon Restaurants 

• 2017—Whole Foods acquired 

• 2019—market capitalization $904 billion 
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https://en.wikipedia.org/wiki/History_of_Amazon
https://en.wikipedia.org/wiki/Amazon_(company)
https://ycharts.com/companies/AMZN/market_cap


Cloud Storage and Services 

Your backup isn’t here 

269 



  


  


  

 Cameron Chase Village Center—

Ashburn 
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Cloud Storage & Services 



---- 185 ft-----  
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Cloud Storage & Services 
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https://www.channelpartnersonline.com/files/2019/02/Synergy-Research-Public-Cloud-Numbers-Jan-2019.png
https://en.wikipedia.org/wiki/Cloud_storage
https://www.channelpartnersonline.com/2019/02/07/azure-still-king-in-public-cloud-while-azure-grows-fastest-ibm-falls/


Linus Torvalds 
(1969-) 
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https://www.linuxjournal.com/content/25-years-later-interview-linus-torvalds
https://en.wikipedia.org/wiki/Linus_Torvalds
https://www.therichest.com/celebnetworth/celebrity-business/tech-millionaire/linus-torvalds-net-worth/


Linux 

• 1991—Torvalds released the Linux kernel* 

• 1992—Kernel became open source 

• Kernel included in all Linux distributions 

(“distros”), i.e., Debian, Fedora, Ubuntu… 

• Used in <2% of desktop computers 

• Linux leading OS in servers & supercomputers 

• Used in TVs, routers, cars… and lots of IoT 

* Kernel—lowest level of software that interfaces 

  hardware with applications 
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https://simple.wikipedia.org/wiki/Linux
https://en.wikipedia.org/wiki/Linux
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• 324 million 

lines of code 

(2009) 

• 1000s 

developers 

• $8-$19 billion to 

develop by 

conventional 

means 

https://readwrite.com/2012/02/16/how-much-would-debian-cost-to/
https://en.wikipedia.org/wiki/Debian
https://www.debian.org/


The Dark Web* 

• 1990s—created by U.S. government to 

exchange information anonymously 

– known as the TOR project 

– accessed using the Tor Browser 

• Widely distributed systems 

• Uses: 

– Secret/anonymous communications 

– Sale of drugs, arms, prostitution, etc. 

– Used by criminal groups 

276 * Not to be confused with the “Deep Web” 

https://www.youtube.com/watch?v=fUjSVrh9UN4
https://www.csoonline.com/article/3249765/what-is-the-dark-web-how-to-access-it-and-what-youll-find.html
https://www.quora.com/Is-it-illegal-to-surf-browse-the-deep-web
https://www.torproject.org/


Silk Road 

• 2011—Launched by Ross Ulbricht, aka 

“Dread Pirate Roberts” 

• First (?) “darknet” black market, selling: 

– drugs 

– arms 

– forged documents 

– murder-for-hire (?) 

• 2013—shut down by FBI 

• 2015—Ulbricht convicted of numerous 

crimes and sentenced to life plus 40 years 

without parole 

277 

https://en.wikipedia.org/wiki/Ross_Ulbricht
https://en.wikipedia.org/wiki/Silk_Road_(marketplace)
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WiFi 

• Introduced in 1997 

• 2.4 GHz, frequency… 

– multiple channels 

– range 150 feet indoors 

– range 300 feet outdoors 

• 5 GHz frequency…  

– multiple channels 

– ~⅓ the range of 2.4 GHz but higher speed 

• 7 frequencies each with multiple channels 

• A tortured history of numerous lawsuits 

between patent holders 
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https://www.electronics-notes.com/articles/connectivity/wifi-ieee-802-11/channels-frequencies-bands-bandwidth.php
https://www.cablefree.net/wireless-technology/history-of-wifi-technology/
https://en.wikipedia.org/wiki/Wi-Fi
https://en.wikipedia.org/wiki/List_of_WLAN_channels
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WiFi Standards 

WiFi 6 (802.11ax) coming 3rd Q 2019 

https://www.netspotapp.com/explaining-wifi-standards.html
https://www.wi-fi.org/news-events/newsroom/wi-fi-certified-6-coming-in-2019


Nessebar, Bulgaria 
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Harald Gormsson 
King of Denmark 940-981 

Harald “Bluetooth” Gormsson 

    Liked to snack on blueberries 
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Bluetooth 

• 1994—invented by Jaap Haartsen 
– released 1998 

• Peer-to-peer communication technology 

• Range… 

– Initally: <33 feet 

– Bluetooth 5.0: 100 to 1,000 feet 

• Installed in billions of devices each year 
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https://www.youtube.com/watch?v=e1p4c7Gf8d8
https://en.wikipedia.org/wiki/Bluetooth


2000s 
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Year 2000 Fiasco  
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288 
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Y2K Problem 

• Dates stored in 2 bytes (string variable): 

“60” for 1960, “99" for 1999 

  99 – 60 = 39 (no problem) 

• When year 2000 arrived “00”… 

  00 – 60 = – 60 (a problem) 

• If dates had been stored as 2 byte 

integers, dates up to 65,536 (216) could 

have been accommodated  

  2000int – 1960int = 40 (no problem) 
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https://www.youtube.com/watch?v=PvXVWCckDMY
https://en.wikipedia.org/wiki/Year_2000_problem


The 2038 Problem 

 

Worry-warts enjoy the angst! 
 

On Tuesday, January 19, 2038 [at 03:14:07 (UTC)] 
 

Some computers’ time will revert to…  
 
Friday, December 13, 1901 [at 20:45:52 (UTC)]  
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https://en.wikipedia.org/wiki/Unix_time


2000 (?)—“First” Thumb Drive (IBM)* 

292 

* “First” to mass market in the U.S. 

https://www.premiumusb.com/blog/who-invented-the-usb-flash-drive


Thumb Drives 

• 2000—sold by IBM, 8 MB capacity   

• Capacity today:  4 GB to 1 TB 

• Longevity: 3,000 to 100,000 writes 
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Unusual Thumb Drives 
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2000—Sony’s Playstation 2  
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https://en.wikipedia.org/wiki/PlayStation_2


Playstation 2 

• Priced at $299 ($441 today) 

• Best selling home game console of all 

time; 155 million units sold 

• ~4,000 games available; 1.5 billion 

copies sold 

• Production ceased in 2013 

• Current model Playstation 4 ($300-$400) 

296 



297 



Wikipedia 

• Created by Jimmy Wales & Larry Sanger 
– released January 15, 2001 

• Owned by the Wikimedia Foundation* 

• Funded by donations 

• Many millions of articles in 301 languages 

• Articles community posted and edited 

• Criticisms—read all about it in Wikipedia 

– and other sources 
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* A not-for-profit organization in San Francisco 

https://en.wikipedia.org/wiki/Wikipedia
https://en.wikipedia.org/wiki/List_of_Wikipedias#Detailed_list
https://en.wikipedia.org/wiki/Criticism_of_Wikipedia
https://wikimediafoundation.org/
https://en.wikipedia.beta.wmflabs.org/wiki/Reliability_of_Wikipedia
http://www.danielwillingham.com/daniel-willingham-science-and-education-blog/wikipedia-mediocre-on-education-issues
http://www.findingdulcinea.com/news/education/2010/march/The-Top-10-Reasons-Students-Cannot-Cite-or-Rely-on-Wikipedia.html


299 

Encyclopædia Britannica 

~100,000 articles (online) 

2010 last print edition 

https://meta.wikimedia.org/wiki/Proposals_for_closing_projects/Closure_of_Cebuano_Wikipedia


Facebook 

Mark Zuckerberg 
(1984-) 

  

Founders 
 

Mark Zuckerberg 

Eduardo Saverin 

Andrew McCollum 

Dustin Moskovitz 

Chris Hughes 
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https://en.wikipedia.org/wiki/History_of_Facebook
https://en.wikipedia.org/wiki/Facebook
https://en.wikipedia.org/wiki/Mark_Zuckerberg


Facebook 

• 2004—established at Harvard University as 

online student directory with pictures 

• 2004—most universities in U.S. & Canada 

• 2004—numerous lawsuits (settled in 2008) 

• 2006—open to anyone at least 13 years old 

• Evolved into a broad social network service  

• 2012—IPO, largest initial valuation to date            

in 2012 ($104 billion) 

• 2018—2.2 billion active monthly users 

• 2019—market capitalization $543 billion 
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https://ycharts.com/companies/FB/market_cap


Facebook 

• Controversies: 

– Privacy 

– Censorship 

– Objectionable content 

– Adverse psychological effects on young 

users 

– Inadequate computer security 

100s of millions passwords stored as 

plain text 

September 2019—millions of customers 

private data stolen 

302 



2005 DARPA Grand Challenge 

Defense Advanced  Research Projects Agency 
303 

https://www.youtube.com/watch?v=7a6GrKqOxeU
https://en.wikipedia.org/wiki/DARPA_Grand_Challenge_(2005)
https://www.darpa.mil/


DARPA Grand Challenge 

• Driverless car competition (2005) 

• 113 miles alongside of Interstate 15, Barstow, 

California to Primm, Nevada 

• 23 vehicles in the race—5 completed course 

• Winning car “Stanley” in 6 hr, 54 min (16 mph) 

– Stanford University 

– VW Electronics Research Laboratory 

• $2 million prize 
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2006—Nintendo Wii 
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https://en.wikipedia.org/wiki/Wii
https://en.wikipedia.org/wiki/Nintendo


Nintendo Wii  

• 2006—7th generation released, price: 

$249.99 (today $316) 

• 2006—first quarter 101 million units sold 

($31.9 billion revenue today’s money) 

• 2013—product discontinued 

• Current product Nintendo Switch (~$300) 

• 2019—Nintendo still very active 

– founded 1889 (playing cards) 

– about 6,000 employees 
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Global movie industry (2018) $41.1 billion 
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https://www.statista.com/statistics/271856/global-box-office-revenue/
https://cdn2.hubspot.net/hubfs/700740/Reports/Newzoo_2018_Global_Games_Market_Report_Light.pdf
https://newzoo.com/insights/articles/global-games-market-reaches-137-9-billion-in-2018-mobile-games-take-half/


Bitcoin 

Established January 9, 2009  
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https://www.youtube.com/watch?v=2X9eJF1nLiY
https://en.bitcoin.it/wiki/Main_Page
https://en.wikipedia.org/wiki/Bitcoin


Bitcoin* 

• Created by Satoshi Nakamoto (a pseudonym) 

• A traceless, electronic cash payment system 

– distributed on many computers 

– a public ledger recording who owns each unit of 

available Bitcoin (blockchain technology) 

– money transfer: debit one owner and credit 

another owner 

• Owners are registered as an alias string of 

characters (public address) 

• Proof of ID/ownership accomplished by 

public/private key cryptography 

* aka a cryptocurrency 309 



Bitcoin (cont.) 

• Potential maximum of 21 million Bitcoins in 

existence (think world’s gold supply) 

• Increasing the Bitcoin supply is complex and 

unlikely to occur in the foreseeable future 

• 4.3 million Bitcoins remain to be identified 

• Bitcoin identification is called “mining” 

• There are rules limiting the number of Bitcoins 

that can be annually “mined” 
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Bitcoin Mining 

• Successful identification accrues a Bitcoin 

reward 

• Mining requires: 

– considerable computer resources 

– large quantities of electricity consumed for 

computing and cooling 

world-wide electricity consumption for mining 

equal to 1.1% of U.S. annual electricity 

production 

~50 TWh (50 billion kWh) 

at a cost of $6.25 billion 
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https://www.coindesk.com/blockchain-lottery-miners-rewarded
https://en.bitcoin.it/wiki/Mining
https://www.quora.com/Could-some-one-explain-what-is-Block-reward-in-bitcoin-and-why-the-reward-is-so-Big
https://www.bitcoinmining.com/what-is-the-bitcoin-block-reward/


Bitcoin Criticisms 

• High electricity consumption from mining 

• Illegal transactions by criminals 

• Price volatility of Bitcoin 

• Considerable speculation 

• Thefts from exchanges* 

• Threat of an economic bubble 
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* CNN reported May 8, 2019 that hackers had stolen 

   $40 million worth of Bitcoin 
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 Dec 2017 

Value of Bitcoin in U.S. Dollars 
(April 2017 to April 2019) 

Value $10,562.20 

Sept 5, 2019 

https://www.statista.com/statistics/326707/bitcoin-price-index/
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April 17, 2019   

California Gold Rush of 1849 



Bitcoin Rush of 2017-18 
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An Unintended Consequence 

January 2018 

MSRP $380 

 

2018 Price $700 

Current Price $279 

Bitcoin miners caused 

worldwide shortage of GPUs 
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2010s 
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World’s Smallest Computer 

grain of rice 

Computer    
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The Michigan Micro Mote 

• Created at the University of Michigan in 2015 

• 0.3 mm on a side 

• All data and programs lost when turned off 

• CPU—Phoenix processor 

• RAM (amount?) 

• Solar cells 

• Wireless transmitter 
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https://www.eecs.umich.edu/eecs/about/articles/2015/Worlds-Smallest-Computer-Michigan-Micro-Mote.html
https://thefutureofthings.com/3565-phoenix-30-picowatts-chip/


Some Gloomy Stuff… 

320 

Woe is me! 
Remember the 

Morris Worm? 
Stuxnet Worm 



The Stuxnet Worm 

• Some uncertainty “whodunit” 

• Probably created and released by U.S. 

and Israel governments 

• 2010—discovered by Sergey Ulasen at 

Kaspersky Labs in Moscow 

• Worm targeted Siemens industrial 

control systems used in uranium 

enrichment processes 

• Probably destroyed ~1000 centrifuges 

used to enrich U235 in UF6 
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The Stuxnet Worm 

Uranium enrichment facilities, Natanz, Iran  
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https://www.wired.com/2014/11/countdown-to-zero-day-stuxnet/
https://en.wikipedia.org/wiki/Stuxnet


Heartbleed Attack 
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https://en.wikipedia.org/wiki/Heartbleed
http://heartbleed.com/


Heartbleed Attack 

• Discovered in 2014 

• Operates against protocols used to 

communicate between servers 

– one part of which is called “Heartbeat” 

• The malware allowed usernames and 

passwords, e-mails, documents and other 

sensitive information to be compromised 

• ~ 500,000 Web servers affected 
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The Sony Hack 

• Discovered November 24, 2014 
– duration unknown, at least two months 

• Attacker “Guardians of Peace”, probably 

North Korean government 

• In retaliation against the anti-North Korean 

movie “The Interview” (a comedy) 
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https://en.wikipedia.org/wiki/Sony_Pictures_hack
https://www.washingtonpost.com/news/the-switch/wp/2014/12/18/the-sony-pictures-hack-explained/?utm_term=.f97624da530a


The Sony Hack (cont.) 

• About 100 TB of data stolen 

– E-mails 

– Salary of executives 

– Financial information 

– Social Security numbers 

– Medical information 

– Celebrity gossip 

– Several unreleased movies 

• 2015—about 30,000 documents released 

to Wikileaks 
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Examples of Major Hacks 
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Supercomputers 

One 

more 

slide 
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 124.5 x 109 —  124 billion/sec 

122.3 x 1015  — 122 million billion/sec 
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Factors Affecting CPU Performance 

• Clock speed 

• Number of transistors 

• Cache memory (L1, L2, L3…) 

• Number cores 

• Lithographic scale* 

• Other factors… 
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* For silicon, at approximately 2 nm,  

  quantum tunneling becomes an issue 

 



From 2,300 transistors 

to 19.2 billion in 48 years 

 

A factor of 8.35 million 
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Advances in CPUs 

• The Core i9-9900K is an upper-end CPU used in desktop 

computers 

• By-the-way, the AMD Ryzen Epyc has 19.2 billion 

transistors—largest number on a single CPU chip 
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Change in Prices of Cars? 

1908 Ford Model T 

Price $850 Price $22,840 

$24,000 in 2019 

dollars  

2019 Ford Fusion 
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Change in Prices of Disk Drives? 

1908 Ford Model T 

1979 2019 

2019 Ford Fusion 
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Price of Storage in 1979 

75 MB hard disk drive 4 TB HDD in 2019 

  

$12,500 (1979) $69.95 

$43,200 in today’s money 
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Price per Terabyte 

75 MB HDD in 1979 4 TB HDD in 2019 

  

$576,000,000/TB 

in today’s money 

$17.50/TB 
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Imagine 

If the price of cars had paralleled 
the price of disk drives… 
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If Car Prices Paralleled HDD Prices 

1908 Ford Model T 2019 Honda Civic 

Price ~$4,000 

Price?  

$14,900 in 2019 

dollars  

1979 Honda Civic 

$0.000450 

2,223 cars/$ 
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A Peek Into the Future 
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Deoxyribonucleic Acid…  aka DNA 

bonding pairs  
bonding pairs   

Be patient—this is relevant to computers! 
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DNA Nucleotide Pairing 

A + T = 1  

G + C = 0  

Adenine ≠ Cytosine 

Guanine ≠ Thymine 



What Has Been Stored in  

Synthetic DNA? 

• The word “hello” 

• A movie (22 MB) 

• Tolstoy’s War and Peace 

• A computer operating system 

• All of Wikipedia in English (16 GB) 

• Various bits and pieces... 
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Useful Properties of DNA 

• Massive storage capacity: ~200,000 TB in 

1 gram of DNA 

• Durable for thousands of years 

 

• Challenges: 

– Very expensive 

– Slow to encode and decode 

 

• For more information see 

 

 

 

344 

https://www.forbes.com/sites/johncumbers/2019/08/03/dna-data-storage-is-about-to-go-viral/#5da968417721
https://www.sciencemag.org/news/2017/03/dna-could-store-all-worlds-data-one-room
https://www.wired.com/story/the-rise-of-dna-data-storage/?verso=true
https://singularityhub.com/2019/04/01/microsoft-is-building-an-all-in-one-dna-data-storage-device/
https://en.wikipedia.org/wiki/DNA_digital_data_storage
https://www.the-scientist.com/cover-story/making-dna-data-storage-a-reality-30218


Thanks for listening! 

Finally! 
He’s done! 
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