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I. Personal Computers  
a. Users shape personal computers  
· computer hobbyists :
· Knew more about computers than anyone else 
· Lead users of personal computing technology 
· Helped update machines before they entered consumer market 
· Cntributed to the development of the microcomputer industry in a number of different ways: 
	a. set up user networks
	b. established new hardware and software programs
	c. established many small manufacturing firms
	d. were lead users 
	e. left imprint on technology itself 

· skilled amateur: pursues activity for fun and has abouve average technical skills and knowledge
 
b. Characteristics of Computer Hobbyists 
· most worked as either programmers, technicians or engineers 
· very familiar with computer industry and latest technology 
· 40% of hobbyists did not own their own computers 
· invested a lot of money
· Many interested in the “hardware”, and saw a clear connection between computers and social change

· Anti-establishment: believed that computers should be available to ordinary people 

· Computers were monopoligezed, which frustrated hobbyists
· Wanted to “liberate” computers and take back technology from corporate powers and government an place them in the hands of people.

c. Hobbyists, Minicomputers and Time-sharing 
· ARPA: 
· Important in internet and creation of information processing  
· Really helped promote notion of “time-sharing” 

· Time-sharing: 
· one computer would be used simultaneously by many users, who thought individualy 
· Hobbyists first tast of “personal” computing
· A single mainframe computer would be attached to different terminals that had their own printer and card reader with made it feel personal
· Used BASIC single language which allowed non-experts to write their own programs 
· Before time sharing, only computer “operators” had frequent access to these expensive systems (responsible for magnetic tapes, punched cards, printer results) 

· integrated circuit technology :Made computers smaller and took away vacuum tubes
· Consists of multiple transistors on silicon which would make complete circuits 
· Combining many transitors onto the chip allowed computer memory and smaller computers
· Minicomputer
· Smaller , cheaper and just as powerful as older mainframes
· First built was DEC called PDP-8 
· was a bargain price so everyone bought them (uni, small scale businesses)
· Allowed for greater “hands-on” computing
· Helped  create a hobbyist culture and were considered “personal” computers 
d. Mass Marketing Integrated Circuits and Microprocessors  
· Intergrated circuit “chips”:  first used in hand-held calculators 
· Could make a personal computer with minicomputers and microprocessors
· At the time no one saw value in personal computers
· Became more cheap because it grew and small companys could mask produce
· Video game companies benefited
· Helped create a market where suppliers were assured of long production runs 
· Personal calculator integrated circuits were highly specialized so personal computers required multi-purpose circuits (Intel)
· Microprocessor created by Intel 
· A calculator company, asked for a specialized chip set that could be used in scientific calculators 
· What Intel did instead was create series of general purpose logic chips that could be programmed to do a variety of functions thanks to inclusion of input-output and memory chips
· Then worked for more than just calculator

· came out with set of four chips including 4004 and advertised it as a “microprogrammable computer on a chip”
· Contained basic register and control functions of a small, general purpose stored program computer
· the other chips were also important because they contained Random Access Memory (RAM), Read-Only Memory (ROM) and output functions 
· 4004  8008  8080 chip (more powerful than ENIAC computer!) 
- The higher the number, the more advanced chip
· Used in: calculators, cash registers and bank machines 

e. Initial Industry Reaction to the Personal Computer 
· Semi-conductor and integrated circuit technology made it possible to create microprocessors, 
· While Intel sold other customers microprocessors to be put in lots of different technologies  (e.g. cameras, video games, microwaves, stereos) – they did not see value of a  “desktop” computer at this time .
· because of #1… usage ( what would they do with their own computer? … software)
· Because of #2 … their mentality … they didn’t like change . They thought the future was large fram computers with acsess to the bigger systems with time sharing .

· Xerosx’s :  was the most advanced computer at this time. They think of printers and scanners and not computers
· Researches were in the field of small scale computing
· Created a home of personal computers and its features 

· Created the Alto: 
· utilized microprocessor technology and had many features of our modern PCs today (mouse, folders, icons, laser printers, WYSIWYG, Ethernet/LAN) 
· WYSIWYG: what you see is what you get
· “office of future”
· People could now type on the computer and the letters appear on the screen… which was rare at the time
· Land: local area network – hook up computers in one area 
- Ethernet , and could all print at same place
· Didn’t want to build more personal computers and wanted to “wait and see” for a market … but it was too late 
· Were not the first to offer personal computers to market

· Data Equipment Corporation: corporation specialized in minicomputers and also created small microprocessor, but marketing staff doubted usefulness of machine 
· Many hobbyists “ first taste” of personal computers

f. The Altair 

· 8080 chip was initially not available to hobbyist market 
· [bookmark: _GoBack]8800 was eight-bit chip that needed fewer support chips and contained more memory 
· Real start of personal computing 
· Altair created MITS 
· Made a deal with INTEL to purchase the chips at a very low price (75)
· Altair: very popular personal computer 
· Allowed hobbyists to get personalize computers
· Black or silver box, and came with nothing at all
· Couldn’t even be programed because it had no language unless VERY skilled could input data

· Built using “Bus architecture” : a system which is open ended in nature where the user can manipulate or add to the system whatever they want (“open-ended” architecture) allowed hobbyists to improve system
· Slots allowed hobbyists to insert new circuit boards and accessorys like keyboards, mosues…
·  Altair came with only four circuit boards
· Attachments like teletype, extra memory chips or cassette tapes for storage 

g. MITS and Marketing of Altair to Computer Hobbyists 
· advertising key way that industries diffused technology into general public 
· Computer advertising:
a) shows how computer conceptualized and presented to different users 
b) reflects what images, features of new technology were most likely to be appealing and would produce most sale

For Hobbyists
· In terms of computer hobbyists, Altair was advertised as “world’s first minicomputer kit 
· For hobbyists this computer was “Building your own computer won’t be a piece of cake – but we’ll make it a rewarding experience.”  - aimed towards hobbyists ego and desire

· Altair was a logic machine
· Difficulty that came with building it used to emphasize fact it was “real, full blown computer”   
· Bus architecture: meant that computer could grow with user needs; unlimited expansion 
· MITS: offered add-on equipment like memory cards, computer terminals and memory modules in order to promote device as “complete system”  
· They were selling Altair to both hobbyists and industries 

· Hobbyists thus helped MITS:
· solidify position on market 
· provided company with stable and reliable market base AND research and development 
h. Hobbyists’ Contributions to Development of Personal Computer 

i. User Networks
· Hobbyists could connect with one another (weekly meetings in a garage) to allow computer hobbyists to exchange information about the technology (problems)
· Computer groups often provided a link to individuals who had little access to computer info such as those from other countries  
· Homebrew Computer Club: Two of them ended up being he founders of apple, and they shared information with each other for free and people shouldn’t pay for this kind of information; held meetings in garage at home in Silicon Valley for like-minded hobbyists and members of computer liberation movement
· User networks allowed for an exchange of goods, information shared freely 

ii. Establishment of Small Manufacturing Companies
· Success of Altair meant that MITS had equipment faulty
· People in Altair quit their jobs
· This encouraged other entrepreneurs to start their own companies and take advantage of a growing hobbyist market for computers
· “Open bus system: - so you could sell add on separately 

· Allowed for other companies to build and sell circuit cards for Altair 
· New companies included Processor Technology Industries, Loving Grace Cybernetics, Kentucky Fried Computers; either manufactured similar machines or sold attachments 
· over 50 computer hardware businesses established 

iii. Creation of New Software and Hardware Applications 

· hobbyists scrambled to create language for new computer
· Bill Gates and Paul Allen created Basic for the Altair 
· Believed Basic would be ideal language because it was easy to learn 
· Neither man owned Altair, but created Basic by programming DEC computer to mimic 8800 chip
· They then established Microsoft Corporation and went into business with Roberts
· MITS given rights to Basic but Microsoft still retained control over product
· Hobbyist community who disliked the idea of paying for BASIC 
· copying the program for free 
· it was seen as “uncool”
· Basic allowed hobbyists to create practical applications like stats and accounting and other kinds of software
· Ironically, while machines far more important to computer hobbyists than software, it is software applications that first attracted average consumer to personal computers (think word processing and spreadsheets)
· Applications software (e.g. for games, business or education) could be used by consumers who never needed to program a computer on their own and was instrumental in popularizing PCs 
· Software allows the to feel a sense of power and control over the machine 
· It was because of software that a market appeared and in homes
· Mass produced business software first appeared and allowed consumers to do things like create spreadsheets and databases as well as prepare and write documents 
· word processing on PCs was enhanced because of WYSIWYG technology that were previously only available on very expensive systems 

iv. Lead Users 
· Computer hobbyists served as “go-between” group for business and consumers 
· Without them, industries may not have been able to market personal computer to mass population
· They often tinkered with new microcomputer in hopes of getting all the “bugs” out and mporved hardware and software 
· They were hen adopted in industries like IMP and Apple

· Lead users: Face needs that general marketplace will face, but do so much earlier on
· Hobbyists had access to technology before anyone else



v. Imprint on Technology

· Bus architecture allowed hobbyists to tailor computer to suit needs 
· Open ended format:
· Successful personal computers like Apple, or IBM PC were structured with this 
· Commodore PET may have been because it did not have such a structure
· Creation of software applications helped determine what operations technology would perform 

· Mass marketing of personal computer started with large corporations like Apple, Commodore and Tandy who designed simple, easy to use computers that offered a variety of practical applications 
· In particular, Apple recognized that in order for PC to be successful consumer product, it would have to be sold as an easy to use, self-contained system like other household appliances 
· Jobs was aware of work Xerox had done on Alto
· First company computer (“Lisa”) followed by Apple and eventually Macintosh (which saved company from bankruptcy)

i. Personal Computers Come of Age

· Personal computers:
· Smaller than previous machines 
· Represented a whole new way of looking at and using computers
· IBM became synonymous with PCs (IBM Personal Computer) and helped boost the sales of companies like Intel (8088 microprocessor chips) and Microsoft (DOS operating systems, Windows operating systems)  
· IBM outsourced almost all the technology (both hardware and software) 
· yet ironically, this eventually made its PC platform dominant thanks to industry “clones” 
· First popular spreadsheet (VisiCalc), word processing (Word Star) and database (dBase) programs eventually gave way familiar brands like Excel and Word that were graphically better and user friendly:
· WIMP, Windows, Icons, Mouse, Pull-down
· Later in 1990 individual homes are able to “talk” to each other 

II. Internet Technology
a. Characteristics of the Internet 

· Internet: interconnected networks around the world
· Series of interconnected networks that across the global allow computers to talk and connect with each other (email, file transfer) 
· Not a singe, but a double system ( computing and communications network)
· Each computer is “node” on the network, and all computers connected to each other through variety of technical means such as:
· Fiber optic cables
· Microwave transmissions 
· Satellite technology
· Computers communicate using machine language standards such as TCP/IP  protocol 
· Messages are transmitted through packet-switching 
· Send a digital file (information) is broken up into lots of pieces (digit packets) and each piece will have the same label attached in common. This label is an address, sending through different directions and get receive to the same computer. They are then put back together and you receive the original message.

·  systems’ administrator:  who makes sure machinery is functioning 

b. Packet-Switching Technology 
· Work happened within the United States Department of Defense (DOD)
· Advanced Research Project Agency ([D]ARPA), a division of DOD, was given mandate to create new communications system that would connect various computing research communities across the country and one that would be able to withstand possible attack 
· ARPANET:
· Was thus created
· Adecentralized communications system based on packet-switching technology that allowed for reliable data communications 

· Ways they wanted packet-switching technology:
1. These were called centralized communication systems: fixed path
· So they were looking at an alternative way 
2. Fast and efficient way for researches to share data

· it was developed in 1960s in two different parts of the world by two different men (Paul Baran in US and Donald Davies in Britain), but only one version will be a success (Paul Baran’s system)

i. Paul Baran
· Baran believed that conventional communications systems (i.e. telephone network) were too concentrated and hierarchal 
· circuit switching technology used for telephony meant that messages were sent through a “fixed” (often linear) route
· A phone call was first connected through a local office followed by regional or national switching office – yet if something happened to one local office, it would cut off users 
· Destroying on part of system (like in a nuclear attack) would therefore destroy everything

· Baran wanted digital system where message labeled and then passed through network  
· Nodes: determined routes automatically and there was no need for human intervention 
· packet switching: digital packets that act like message blocks 
· Distributed system: whereby messages would be “packeted” and sent via different routes
· Redundancy : Add security by having multiple copies so if one gets lost, the entire message is still saved
· Similarities to telegraph system:
a)  store and forward principle:  intermediate switching centers
b) post office:  unique address label
· Baran’s version of packet switching technology was based on three key reasons
a) Military goals of survivability (nuclear) 
b) Flexibility (different direction) 
c) High performance (and efficiency) 
· Military covered expenses 

ii. Donald Davies
· He wanted to create a commercially viable system and aimed at improving interactive computing 
· Davies goals were not military in nature but commercial: 
· low cost
· simplicity 
· consumer appeal 
· He faced extreme pressure from government to come up with system a.s.a.p. to keep costs down so Baron created a better system because he had all the time and money in the world to make it advanced
· In contrast, individuals like Baran worked within umbrella of US military and were left alone with ample resources to eliminate “kinks” in the technology 

c. The Creation of the ARPANET

· The first network to use packet switching:
· ARPANET:
· Grandfather of the internet
· Distributed network : one computer is connected to at least two others distributing using packet switching technology 
· Successful aspects:
· High speed transmission
· Adaptive routing 
· Efficient packet switching 
· Lawrence Roberts first recruited by ARPA to work on Arpanet
· He had a very managerial style

· Arpanet had three main parts – 
1. Host computers
2. Mini computers 
3. Phone lines
· He designed it using a concept called layering:
· Where different parts of network are given different responsibilities  (his style)
· Each team member was responsible for one thing 
· Different parts had different responsibilities
· Exactly how internet was designed
· For example, minicomputers served as nodes of network and each host computer attached to minicomputer
· Used package switching technology

· Minicomputers (interface message processors) would be connected via telephone lines
 
· ARPANET: time sharing hosts, packet switching interface message processors, telephone lines to connect IMPS (performed package switching technologies)
· Could only use it if you did research work for the militarry for APA sinc they funded it
· Eventually, IMPS able to hand multiple hosts modified to make it accessible to users who don’t have hosts 
· Initially, ARPANET created as way for researchers to “share” computers via remote logins and file transfer
· This changed after 1971 with public demonstration of ARPANET’s capabilities at international computer conference; many groups were impressed with technology including previously skeptical AT&T 

d. Users Shape the System 
 
· ARPANET was so successful is because :
· its initial users  shaped and developed network according to their needs 
· They had were BOTH developers and users ( they had knowledge and skills to better system)
· ARPANET had lots of technical glitches that users helped fix 
- Network users often built their own hardware or software for the system & took time to improve it
Any user with some skill or interest could produce new features that would become public 
· Some notable achievements: 
· Terminal interfaces
· Connection paths between hosts and application protocols
· LAN: Users also figured out how to send data b/w computers at same site
· Users able to do this because network was an open and flexible system 
· the network’s success did not come with users’ technical contributions but rather in the way that they used system 
· For example, Roberts saw ARPA as:
· a set of autonomous, individual computer systems
· interconnected so as to permit interactive resource sharing between any pair of systems
· The goal of the computer network is for each computer to make every local resource available to any computer in the net in such a way that any program available to local users can be used remotel

· It was all about sharing data and information 
· Yet while resource sharing one of the original purposes of creating ARPANET network, it was users’ love of email, bulletin boards and mailing lists that propelled Internet network’s popularity and changed its overall function from computing to communication system 
· They wanted a system to acsess eachother 
· Email: by 1971 simple email programs being developed by Arpanet users to acsess data and resources- and more so eachother
· With interpersonal communications, users saw system as giving them access to people, not computers (resource sharing) as was originally intended 
· users reshaped this system which is why its this way today

e. The Development of the Internet 

· Internet developed under authority of US military who wanted a system to be able to accommodate different types of networks u
· DOD: provided funding, helped make technology operational, used resources to shape commercial market and provided management

· By mid 1970s, ARPA has three separate networks: 
1. ARPANET
2. PRNET (link up computers and link through radio)
3. SATNET (link up using satilite technology)
· All used package switching technology
· Howver you could not send messages between these systems
· So government hired Robert Kahn and Vinton Cerf to link these networks together “ Grandpathers of internet”
· Problem was how to link all three networks together (interconnecting/internetworking) with a common host protocol or standard 
· they wanted the computers to talk to eachother

· in 1974, Cerf and Kahn come up with idea of transmission control protocol (TCP)
· Provided orderly, free flow of data from host to host protocol
· allowed for verification of packet arrival; 
· errors averted because it allowed for retransmission of lost or damaged packages and controls rate of data flow
· Common protocol TCP allows for seamless communications between all networks; development of gateway computers 
· Next problem was how to devise system of addresses (name of network; name of individual host in network) 

· This led them to split up TCP protocol: host to host (TCP) and internetwork protocol (IP) 
· They could now communicate with eachother across different networs
· This lead to Internet
· Overtime, more sysetms were linked to the system aslong as they used the TCP and IP system Internet becomes operational when all three networks interconnected successfully
· Although ARPANET users did not initially want to adopt TCP/IP; military wants to and by 1983 TCP/IP became official protocol for ARPANET that could send messages no matter what network they were on

f. The Internet Goes Global  

· As  early as 1972, consideration was given to transferring ARPA network to commercial carrier or government agency 
· Hope was to make it national public service 
· At&T was biggest package –switch technology
· AT&T initially refused packet switching business from government because :
· They did not see the potential for data communications service
· it was too different from standard telecom 
· Defense Communication Agency 
· Increasingly wanted coded and secure messages to go through ARPANET
· This meant you needed secure codes and passwords which limit acsess to system
· they placed emphasis on military as opposed to research possibilities 
· Switch to DCA is what caused ARPANET to shift to TCP/IP protocol in 1983; also updated applications protocols like ftp, telnet and SMTP 

· After ARPANET “converted,” system split into one for science and military users: 
· MILNET: People used if they wanted secure , password coded messaging
· Now freed ARPANET so people could use 
· Money given to computer manufacturers to add TCP/IP to machines (20M)
· Later, most personal computers had :
· TCP/IP on machines and this
· Allowed for larger scale network 
Other factors that accounted for Internet success: 
· NSFNET
· Was for the first time in universitys 
· Could send messages using E-mail
· system wide co-ordination for addresses (domain name system) began 
· Domain name system: .com, .org. .edu 
· Website addresses 
· Alow users to find where information came from
· Replaced 9-diget digets to change adresses
· Linux:
· open source software 
· improvements can be made by anyone 
· free 
· By 1990 ARPANET decommissioned; NSFNET becomes “backbone” of Internet until 1995 (at this point, there was more online commercial as opposed to government traffic)

· by mid 1980s Internet opened up for privatization and commercial usage thanks in large part to the growing popularity of hypertext and work of Tim Berners-Lee and WWW (browser based internetworking) 

· Berners-Lee’s ideas were based on three key concepts: 
· uniform resource locators (URL) which take a computer to any location on the internet
·  the hypertext transfer protocol (http) which allow for file exchange 
· hypertext (invented earlier) markup language (html) which is a language that allows you to build webpages 
· Berners-Lee also wrote a program allowing for domain-based and browser-based internetworking – users install program on their computer which essentially “decodes” info transmitted on web 

· Icons and graphics based browsing occurred first with Mosaic, followed by more popular brands like Netscape, Explorer, Firefox 

· Commercialization greatly enhanced with ability to secure data transmitted over web (think online transactions with credit cards) and cookies (marketing, advertising) 

· biggest success stories:
· Google (info search engine/page ranking system/web advertising)
· Best search engine
· EBay (auction house)
· Amazon (retail) 
· Google’s page ranking system based on older concept used in academia for ranking scientific publications 

· web 2.0 (mid 2000s): 
· more user-generated content (Wikipedia, YouTube)
· social media sites (Facebook, Twitter) 
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