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vApplications
q Desktop
q Mobile (Apps)
q Web

vWeb
q Markup
q Applications
q SQL databases

vEmbedded Control
q Small (8-bit)
q Medium (16-bit)
q Large (32/64-bit)

ØCommon required properties
§ Performance
§ Reliability (bug free)
§ Security

v APIs (Frameworks) v Client-Server model
v Language “stacks” (e.g., LAMP)

~70% of all software

v From TV remotes to
v Autonomous cars and
v Robots
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TIMELINE

1950 1960 1970 1980 1990 2000 2010

1957
FORTRAN

ALGOL

COBOL

BASIC
1964

C

Pascal

C++

PL/1
Ada

Perl

VB

PHP

Java

Ruby

VB.
NET

C#

Javascript

Python
1959

1970

1972

Smalltalk
1980

1987

1983

1960

1983

1994

1995

1996 2001

1990

1995

Lisp
1958 1964
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1950 1960 1970 1980 1990 2000 2010

HTML

PHP

MARKUP

SCRIPTING

LEGEND

CSS

TIMELINE

VB.
NET

APPLICATION

Perl

C#Java

Ruby

Javascript

Python
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© 1978

“The Book”

Ø Kernighan & Ritchie
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Ø Pointers!
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vRequirements
vAlgorithms
vProgramming
vDesign
vImplementation

Software Development Life Cycle

vTesting
vDeployment
vMaintenance

Ø 6 Stages (we use the 1st four)

Ø Software Engineering

Ø Coding
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1985 1990 1995 2000 2005 2010 2015

Mac

NT 3.1 Server 
2008 R2

Apple Mac

Server

LEGEND

Mac 
OS X

TIMELINE

Vista

Desktop

Win 
95

Win 
2000

Win 
7

Win 
8

Win 
10

Win 
3.1

Win 
1.0

NT 4

Win 
98

Win 
XP

Server 
2003

Server 
2012 R2
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1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Bell/GE 
MIT 

Multics

Sun 
OS

Bell Labs

Sun/SCO

LEGEND

Mac 
OS X

TIMELINE

Linux

UCB
BSD 
Unix

SCO 
Xenix

Sun 
Solaris

Next 
Step 
OS

Linux

Bell 
Labs 
Unix

Micro

CP/M

MS 
DOS

Win
1.0

Thompson & Ritchie

Linus TorvaldsGary Kildall

Microsoft

Steve Jobs

UbuntuRed Hat

Fedora
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Wikipedia
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Wikipedia
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v Xerox PARC (started it all – Alan Kay)
§ Windows with mouse (point & click)

v Apple Lisa & Macintosh (“Mac”)
§ Personal Computer
§ Adopted Xerox GUI
§ Graphics Applications (MacDraw, MacPaint)
§ Fancy fonts

v Microsoft
§ Windows:  Apple copycat
§ .NET for web forms + ASP

v Mobile
§ Apple iPhone + iPad (iOS)
§ Google Android
§ Microsoft Windows Phone

1980

1983-4

1990

2007
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v MySpace (started it all)
§ Personal web pages

v Facebook (the big one)
§ Personal – Friends
§ Updates with photos
§ Profiles – extensive with “Likes”

v LinkedIn
§ Professional – Networks
§ Profiles with Resumes

v Twitter
§ Personal + Professional
§ Blogging

v Others
§ Pinterest
§ Instagram
§ Snapchat
§ Quora

Collecting & mining
personal likes and activities
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1985 1990 1995 2000 2005 2010 2015

Classmates MySpace

Friendster

Facebook
SOCIAL

BLOG

LEGEND

Google+

TIMELINE

AOL

PHOTO

Flickr

Yahoo

Wordpress

PORTAL

PinteristAngies List

REVIEWS

Google
Instagram

Twitter

LinkedIn

Yelp

Tumblr
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Smart phones
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vSamsung Galaxy Note 7/8
q Biometrics for authentication

Ø Fingerprints
Ø Iris scan

vApple iPhone 8/X/11/12
q Wireless headphones
q Biometrics for authentication

Ø Fingerprints
Ø Facial scan

q iOS 15
q A14/15 ARM SoC

Ø ON FIRE!
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Feature 1G 2G 3G 4G 5G

Voice A A D D D

Data rates 300K 1-2M 10M 100M >1G

Technology TDMA TDMA
CDMA
GSM

CDMA LTE LTE+
QPSK
QAM

Channels 
(V/D)

2 2 2 1 1

Year 1979 1991 1998 2008 2019
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v Internet born on Oct. 29, 1969 as ARPANET (in a UCLA lab)
v Initially 4 nodes (UCLA, SRI, UCSB, Utah)

v Architecture is “store & forward packet-switching” (routing)
v Topology is “mesh” (a regular network)
v Protocol-based (Invented by Dr. Robert Kahn & Dr. Vinton Cerf)

q TCP (1973)
q TCP/IP v3 (1977)
q TCP/IP v6 (2000 à 2012)

v Became “The Internet” on Jan. 1, 1983 (all nets adopted TCP/IPv3)

v Domain names.TLD (.org, .edu, .gov, .net, .mil; then .com in 1990)
q Uses DNS (Domain Name Servers) network (1984)
q ICANN registers domains (URLs) & assigns IP addresses

(located in Marina del Rey/Playa Vista)

v Addressing is 32-bit (IPv3, v4) & now 128-bit (IPv6) also

v Fiber optic cables over SONET/SDH

Kahn & Cerf
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1969

1

2

3

4

1st Four Nodes

1. UCLA
2. SRI
3. UCSB
4. Utah



Jeff Drobman
©2016-22ARPANET

1969
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1970
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v 4 “Fathers”
q ARPA

Ø Dr. Lawrence Roberts
§ ARPA Chief Scientist/Dir IPTO
§ Issued ARPANET RFP

Ø Dr. Robert Kahn
§ ARPA Director of IPTO
§ Co-invented TCP/IP
§ Primary architect of the IMP

q UCLA
Ø Dr. Leonard Kleinrock

§ ARPANET Principal Investigator at UCLA
§ Ran the UCLA “Network Measurement” lab
§ Created mathematical theory of Packet 

Networks
Ø Dr. Vinton Cerf

§ UCLA PhD, worked with Kleinrock
§ Co-invented TCP/IP
§ Founded IAB, President ISOC
§ Guided 1st Internet email at MCI

INTERNET

Kleinrock:  IPTO (the Information 
Processing Techniques Office) was an 
office within ARPA. IPTO supported the 
computer and communications research 
projects of ARPA. It was that office that 
funded the ARPANET. It was formed in 
1962 with JCR Lickliter as the first 
Director of IPTO, followed in 1964 by Ivan 
Sutherland, followed by Robert Taylor in 
1966 and then Larry Roberts in 1969.

Cerf:  Kahn was brought in as 
program manager after Larry's 
departure and promoted to 
deputy director of IPTO under 
Col David Russell. When 
Russell retired from the US 
Army in 1979, Bob became 
Director IPTO and stayed in that 
post until some time in 1985.

v ARPA
q IPTO

Ø ARPANET
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always interesting to listen to UCLA Prof. Len 
Kleinrock describe the historical background and 
significance of the Internet and its birth as 
ARPANET at UCLA 45 years ago. Len calls the 
Internet an "invisible nervous system" for 
humanity. He also addresses the "dark side" of 
security breaches as being underestimated by 
the Internet developers. here is his 10 min 
speech to NAE.  Vint Cerf calls this, "A good 10 
minute capsule of 40 years of development for 
the NAE's 50th anniversary."

https://www.youtube.com/watch?v=H8GbcN7m9
84

UCLA Prof. Leonard Kleinrock

https://www.youtube.com/watch?v=H8GbcN7m984
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INVISIBLE

NERVOUS SYSTEM
FOR HUMANITY

UBIQUITOUS NOMADIC

everywhere mobile

INTERNET

http://www.lk.cs.ucla.edu/data/files/Kleinrock/An%20Early%20History%20Of%20The%20Internet.pdf
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always interesting to listen to UCLA Prof. Len 
Kleinrock describe the historical background and 
significance of the Internet and its birth as 
ARPANET at UCLA 45 years ago. Len calls the 
Internet an "invisible nervous system" for 
humanity. He also addresses the "dark side" of 
security breaches as being underestimated by 
the Internet developers. here is his 7.5 min 
speech on the birth of the ARPANET at UCLA in 
October 1969.

https://www.youtube.com/watch?v=vuiBTJZfeo8

UCLA Prof. Leonard Kleinrock

https://www.youtube.com/watch?v=vuiBTJZfeo8
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Always interesting to listen to UCLA Prof. Len 
Kleinrock.  Here he shows us and describes the 
first “packet switch”, built from a Honeywell 
computer by BBN, installed at UCLA first in 
Sept. 1969, in a lab in BH3420 (where it still 
resides) – called the “Interface Message 
Processor” or “IMP”.
here is his 4 min speech on the IMP.

https://www.youtube.com/watch?v=yU9oMOcRs
uE

UCLA Prof. Leonard Kleinrock

https://www.youtube.com/watch?v=yU9oMOcRsuE
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https://www.youtube.com/watch?v=Zc1tZ8JsZvg&feature=share

https://www.youtube.com/watch?v=Zc1tZ8JsZvg&feature=share
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2019

50th

50
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UCLA News

”See you in 50 years!”

Len Kleinrock
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Prof. Leonard Kleinrock

Chancellor Block
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Live Panel Interview 2020
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INTERNET

Cerf:  Regarding IAB, I created the Internet 
Configuration Control Board around 1979 and put on 
that board many of the leads for the Internet research 
project. Upon my departure from ARPA in 1982, I made 
David Clark the chairman and Chief Internet Architect 
and Jon Postel the Deputy Chief. When I was replaced 
at ARPA by Barry Leiner, Barry re-named and 
restructured ICCB to be the Internet Activities Board 
and left Clark and Postel in place. In 1992, the IAB was 
renamed the Internet Architecture Board as it was 
relocated to the Internet Society which was launched 
that year and where I served as president until 1995.

vInternet orgs
q IAB (1979)
q IETF (1986)
q IESG
q ISOC (1992)
q ICANN (1998)
q IANA
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v Applications
q Email (1971)

q Newsgroups (1974)

q BBS (1980) à Blogs

q WWW (1989/91)

q VoIP (1998) à Skype

q Streaming (music, video)

q IoT

INTERNET
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Ray Tomlinson
INTERNET

‘71
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4-Level
INTERNET REFERENCE 

MODEL
of Protocol Layers

Copyright 2015-20  Jeffrey H. Drobman – all rights reserved

1

LEVEL

2

3

PHYSICAL

Data Link

Network

4

5

6

7

Transport

Session

Application

IP

Presentation

PMI

PMD

TCP, UDP

Network
Access

Internet

Transport

Application

7-Level
OSI MODEL

TCP/IPv6
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v Invented by Sir Tim Berners-Lee in 1989 (at CERN)
v HTTP protocol (Hyper-Text Transfer Protocol)
v HTML language (Hyper-Text Markup Language)
v Browsers – as rendering applications

q Mosaic – invented by Marc Andreeson at U of WI (1992)
q Netscape Navigator – upgrade of Mosaic by Andreeson
q Internet Explorer by Microsoft
q Safari by Apple
q Chrome by Google
q Firefox by Mozilla

v Languages (applications)
q Java (functional on client VM)
q PHP (scripting on server)
q Javascript (scripting on client)
q MySQL (database -– LAMP on server)

v Generations
q Web 1.0 – static
q Web 2.0 – dynamic:  runs applications (incl. databases)
q Web 3.0 – semantic:  predictive/anticipatory

Tim Berners-Lee
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TIM BERNERS-LEE
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FIRST IC

F9340 MSI

Fairchild “F”
Single flip-flop
(1961)

Fairchild “G” – Gate

Fairchild
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Guidance Computer (AGC)

AGC chip

Ca. 1965
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ARM610 dieAMD quad-core die

AMD 2901 die
(1975)
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Am1702

Am1101A

MT4C
1Mb
DRAM
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General Timeline of Commercial Music/Audio Products

Music Storage
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&
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Ordin
al

Power
of 2

Power 
of 10 Actual

1K 210 103 1024

1M 220 106 1,048,576

1G 230 109 1.074x109

1T 240 1012 1.0995x1012

Name 2n M/G Actual

byte 28 -- 256
short 216 64K 65,536

integer 232 4B 4.3x109

long 264 16 Q 1.84x1019

IPv6 2128 340 uD 3.4x1038

10^(+6)  million
10^(+9)  billion
10^(+12)  trillion
10^(+15)  quadrillion
10^(+18)  quintillion
10^(+21)  sexillion
10^(+24)  septillion
10^(+27)  octillion
10^(+30)  nonillion
10^(+33)  decillion
10^(+36)  undecillion
10^(+39)  duodecillion
10^(+42)  tredecillion
10^(+45)  quattuordecillion
10^(+48)  quindecillion
10^(+51)  sexdecillion
10^(+54)  septendecillion
10^(+57)  octodecillion
10^(+60)  novemdecillion
10^(+63)  vigintillion
10^(+100)  googol
10^(+303)  centillion
10^(10^(+100))  
googolplex

Gazillions

10^(29)/2^(100)   geo
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vInvented/Artificial
q Signaling

Ø Smoke signals
Ø Drums
Ø Semaphores

q Communications
Ø Morse code
Ø Hollerith code (punch cards)
Ø Paper tape codes
Ø Encryption/cypher codes
Ø ASCII code (also EBCDIC)
Ø Unicode (16-bit)
Ø UTF-8

vNatural
q DNA – Genetic code

Ø Base-4 {A,C,G,T)
q Fibonacci sequence

Ø Shell growth
Ø Leaf growth



Jeff Drobman
©2016-22Telegraph:  Morse Code

1st Digital CodeBase 2 = {dot, dash} 1836-1844
by Samuel F.B. Morse et al.Each letter is a 1 to 4-bit character
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12
11

A
12

1

B
12

2

Invented by Herman Hollerith for 1890 census

MODERN VERSION
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Invented by Herman Hollerith for 1890 census
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Invented by Herman Hollerith for 1890 census
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Invented by Herman Hollerith for 1890 census
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EBCDIC
Extended Binary Coded Decimal
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v7 LSB are same codes as for ASCII
v9 MSB add 216=65,536 - 128 new codes
vJapanese character sets

Ø Kanji uses same 5000 characters as base Chinese
Ø Hiragana/Katakana uses phonetics  

vOther foreign languages
q alphabets
q special characters
(vis-à-vis, oomlaut)

UTF-16
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Upper 128 chars of 8-bit Plane 0
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Variable Length version of Unicode
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