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EMERGING TELECOMMUNICATIONS AND INFORMATION PROCESSING TECHNOLOGIES 
Communications 484 (Fall, 2011)
Instructor: Professor Rob Frieden 
102 Carnegie Building 
863-7996; E-mail: rmf5@psu.edu 
Class Hours: Tuesday/Thursday 1:00 p.m.-2:15 p.m. 202 Ford 
Office Hours: Monday and Wednesday 9-11 a.m. and by appointment 
GENERAL PERSPECTIVE AND COURSE OBJECTIVES
        Convergence in information, communications and entertainment (“ICE”) technologies has become a reality.  Successfully managing an ICE career requires interdisciplinary skills including the ability to understand how technologies make businesses profitable and how technological innovations can destroy existing business plans. While you do not need a degree in information technology, law, economics, business, or computer science you must have the ability to: 

*         
make the Internet serve real time research and data acquisition needs in addition to leisure time entertainment; 

*         
work with block diagrams; 

*         
understand countless acronyms; 

* 
accept complexity, uncertainty, change and the need for self-direction; 
*        
integrate other skills with the technologies used to manufacture a product, or deliver a service; and

*
have a command of the written and spoken word.

        I have designed this course to introduce the technologies in telecommunications and information processing, with an eye toward giving you the necessary perspective on how old, “legacy” technologies work and how new technologies will come to market. We will investigate old, new, and prospective technologies primarily through an interactive classroom analysis, including a look at incumbent or emerging companies bringing products and services to market. 

COURSE REQUIREMENTS 

        
This upper level, elective course will challenge you.  You have no obligation to take this course whatsoever.  Therefore, I assume that if you enroll in this course you have a keen interest in the subject matter and have the willingness to work hard to master complex and interdisciplinary materials.  By enrolling in this course, you agree to participate in it and to comply with all rules and regulations of this University.  Additionally you acknowledge a willingness to take notes, to refrain from using cellphones and other electronic devices in class, to ask and answer questions and to use the Internet for applied research and study. 

You must attend each and every class, pay attention, refrain from multi-tasking and make this course a priority, because we will flesh out the assigned materials and few if any students already have expertise in how ICE technologies work.  You CANNOT rely solely on the class notes and review materials I provide you.  

If you cannot make this commitment, you should not enroll in this class. 
        
Required readings are collected in an online syllabus and are available via World Wide Web sites.  I also will post the class Powerpoint slides.  Please understand that these materials only provide a starting point for understanding the various technologies we will assess.  You should take responsibility to work with me to master what can be difficult, acronym-laden material. 

        You will have many opportunities to evidence growing competency in this course through fours tests and possibly other assessments. You should make it a point to stay up to date on technology and marketplace developments by reading such publications as Business Week, The Economist, Forbes, The Wall Street Journal, The New York Times, and USA Today, etc. 

GRADING 
      
 
The course will have four tests throughout the semester with a quite helpful “post mortem” review.  I reserve the option of issuing unannounced “pop quizzes” especially on days of poor attendance. I do not offer extra credit opportunities.  

If you score poorly on the first test, this usually means you will not improve unless and until you recalibrate your effort.  You can start by attending the post mortem where you will review your test performance.  After completion of the course, I will determine the need for a grade curve.  Absent such an adjustment, the following scale shall apply:
93 to 100 percent     =  A

90 to 92 percent       =  A-

87 to 89 percent       =  B+

83 to 86 percent       =  B

80 to 82 percent       =  B-

77 to 79 percent       =  C+

70 to 76 percent       =  C

60 to 69 percent       =  D

Below 59 percent     =  F

Disabilities

 

Please see me if you have a documented disability that requires any special consideration or arrangement.  

Academic Integrity

Pennsylvania State University does not tolerate any form of academic dishonesty under any circumstances.  Academic integrity is the pursuit of scholarly and creative activity in an open, honest and responsible manner, free from fraud and deception, and is an educational objective of the College of Communications and the University. Cheating, including plagiarism, falsification of research data, using the same assignment for more than one class, turning in someone else’s work, or passively allowing others to copy your work, will result in academic penalties at the discretion of the instructor, and may result in the grade of “XF’ (failed for academic dishonesty) being put on your permanent transcript. In serious cases, it could also result in suspension or dismissal from the university. 

 

The rules and policies regarding academic integrity should be reviewed by every student, and can be found online at: <http://www.psu.edu/ufs/policies/47-00.html#49-20> and in the College of Communications document, “Academic Integrity Policy and Procedures.” Any student with a question about academic integrity or plagiarism is strongly encouraged to discuss it with his or her instructor. Students should be familiar with Senate Policy 49-20 of the Pennsylvania State Policies and Rules Handbook.

Establishing a Foundation for Understanding: Spectrum Ether and Internet Clouds (Aug. 23, 25, 30th and Sep. 1)
        In this unit, we will identify the major market segments now existing in telecommunications and information processing with special emphasis on radio spectrum, the Internet cloud and the technological and market aspects of convergence.  


This exercise requires you to master a new list of buzzwords and acronyms. Additionally we will begin considering how the technologies addressed in class will constitute a part of the information super highway. Will it be a telephone company delivered, switched medium that builds up, over time, from the twisted wire pair to include coaxial and fiber optic cable? Will wireless and cable television operators play a role? What will become the next “killer applications”?
Assignments: 

New America Foundation, The Citizen’s Guide to the Airwaves (2003); available at: http://www.newamerica.net/files/airwaves.pdf
New America Foundation, J.H. Snider, The Cartoon Guide to Federal Spectrum Policy (2005); available at: http://www.newamerica.net/files/archive/Pub_File_1555_1.pdf
Dale N. Hatfield, Technical Underpinnings of Spectrum Management
available at: http://www.gcbpp.org/files/Conferences/Spectrum4-25-2008/spectrum_hatfield_slides.pdf
Alex Barnett blog, So what do we mean by the ‘Internet Cloud’?; available at: http://alexbarnett.net/blog/archive/2007/04/04/what-is-the-internet-cloud_3F00_.aspx
Packet Switching Demo; available at: http://www.pbs.org/opb/nerds2.0.1/geek_glossary/packet_switching_flash.html
Dale N. Hatfield, Broadband Technologies and Applications: A Tutorial; available at: http://cobweb.ecn.purdue.edu/~mikedz/ee301/DigitalComm.ppt
Find out what a trace route does and execute one.  Print out the results of your trace route for my collection.

Concepts You Need to Master
SPECTRUM BASICS

bandwidth—measurement of spectrum available for use, measured in Hertz; speed of what flows through the available channel of bandwidth is measured digitally in bits per second
channel—the amount of bandwidth allotted for a specific use, e.g., 10 kiloHertz for a broadcast a.m radio station
throughput--measurement of output, which can be measured digitally in bytes

frequency band—the range of radio spectrum allocated for a particular service, e.g., 88.1-107.9 MHz for FM radio

kilo/mega/giga Hertz

propagation—nature of signal transmission
frequency reuse

co-channel and adjacent channel interference

causes for spectrum scarcity/gut; spectrum value

relationship of frequency to geographical reach

analog vs. digital

multiplexing function—channel multiplication as occurs with FM stereo creation of a right and left sound channel

spectrum conservation strategies, e.g., frequency division; frequency reuse; sharing spectrum (including White Spaces) using low power and  “smart” radios with digital signal processing
unlicensed spectrum alternative—but understand the “tragedy of the commons”—dedicated vs. shared spectrum
INTERNET TECHNOLOGY AND BUSINESS BASICS

the mantra of  “Faster, Better, Smarter, Cheaper and More Convenient”

Internet as a “Network of Networks”
ICE: convergence of Information Communications and Entertainment

the culture of Netheads, Bellheads and Cableheads

technological convergence—merger of previously discrete technologies that now can provide multiple functions

market convergence—merger of previously separate markets

enabling vs. destructive technologies

distance insensitivity

stickiness

Metcalfe’s Law—positive network externalities

Moore’s Law

point-to-point vs. point-to-multipoint

TCP/IP

packet switching vs. circuit switching impact on quality of service and efficiency

trace route function

burstiness in data (Internet) transmissions

technology push/demand pull

multimedia; multi-casting; multi-tasking; multi-plexing

simplex/duplex

latency

scalability

streaming

routers and “best efforts” routing

hierarchical structure of the Internet

cacheing

proxy servers/mirror sites

asymmetrical traffic volume 

modem functions

how the Internet appears on a chart—a cloud, with greater specificity a network of telecom lines linking 
servers, routers and clients

Internet 2.0 emphasis on social networking, interactivity, collaboration, and new sources of content, e.g., through podcasts, wikis, online communities and social networks
proliferation of sensors, including RFIDs

ECONOMIC/BUSINESS PRINCIPLES

economies of scale; economies of scope

natural monopoly

vertical integration; horizontal integration

externalities; positive networking externalities/Metcalfe’s Law

All You Can Eat pricing; metering and other pricing strategies
early adopters

critical mass/critical inflection point 

disintermediation

data mining

bricks and clicks vs. bricks and mortar

Basic Telephony (Sep. 6, 8)
In this unit, we will examine a number of block diagrams that graphically show how a wireline telephone call travels from Point A to Point B.  Understanding how the conventional telecommunication infrastructure provides transport and switching functions will enable us to explore whether and how other enterprises can compete in markets heretofore considered a natural monopoly and “bottleneck.” By understanding how the telephone company provides services, we can begin to see how a cable television or wireless local loop carrier might provide a competing service.  

Assignments: 
Telephone Tutorial, available at: http://www.velocebit.com/Courseware/FoundationsTelecomSystems/Common%20Files/TelephonyBasics/TelephoneTutorial/tutor.htm
Dale Hatfield, Trends in Technological Development, available at http://www.pff.org/irle/2004presentations/hatfield.pdf (slides 1-27).
Concepts You Need to Master

circuit switching—strengths and weaknesses as compared to packet switching

creation of a weak electronic signal when audio signals cross a membrane coupled with a copper wound iron or magnetic core

basic elements of a telephone, microphone, and speaker

the concept of modulating a signal onto a carrier; surfer on wave analogy

modulator/demodulator function as in a analog modem

the basic architecture and hierarchy of telephone switching, including the switching and routing between class 5,4,3,2,1 offices
the ability to draw the basic telephone switching network architecture differentiating Local Exchange Carrier and Interexchange Carrier functions
the function and type of service provided by the class 5 end office/central office; the class 4 tandem/toll office; the class 3 Point of Presence; what kinds of traffic class 2 and 1 offices handle

distinction between line side versus trunk side management of traffic
multiplexing/traffic aggregation function that takes place when traffic moves from the line side to the trunk side in a class 5 office

why we have traffic aggregation and a hierarchy of switches

local loop bottleneck

why telephone companies use direct current instead of alternating current

where would 0+, 1+, and 011+ dialing take your traffic

presubscription of a 1+ interexchange carrier

duplexing—the installation and use of two lines for simultaneous transmission and reception

bandwidth of a voice telephone and what bit rate it can support

how voice telephone networks are ill-suited to provide Internet access; the role of dedicated vs. best efforts routing and the Internet users’ bursty and asymmetric traffic requirements



Sep. 13  First Test 
Sep. 15  First Test Review  For each test, we will go over the answers in class.  This “post-mortem” can help you perform better in subsequent tests. You should not miss this class even if you did well. If you cannot attend this class, make sure you pick up your test in my office during office hours.  Failure to do so reflects poorly on your work ethic.

Analog, Digital and 3D Television (Sep. 20, 22, 27)
        In this unit, we will examine the migration from a 525 line, analog (“NTSC”) broadcast television system to a higher resolution, digital system. While our examination will concentrate on digital television, we will acquire an understanding of how analog, standard definition television works. We also will consider where consumers will install their DTV sets: in the family room as a television, or elsewhere as an information appliance. 

        Our examination of the evolving telephony and television networks constitutes part of a broader assessment of technological and market convergence. Additionally we will get acquainted with the technology behind 3 dimension(al) television.
Assignments: 

HDTV Info Port, An Overview of TV Resolution, available at: http://www.hdtvinfoport.com/HDTV-Resolution.html
HDTV – Demystified, available at: http://www.hdtvinfoport.com/HDTV.html
HDTV-Glossary, available at: http://www.hdtvinfoport.com/HDTV-Glossary.html
Timefordvd.com, Digital TV & HDTV Tutorial, available at: http://www.timefordvd.com/tutorial/DigitalTVTutorial.shtml 
Sanyo, Take the Confusion Out of DTV/HDTV: http://www.sanyotv.com/A%20DTV%20Tutorial.pdf

A Guide to 3D TV: http://www.youtube.com/watch?v=Jz9ISXqZBz8
Concepts You Need to Master

television as a content access platform; the “first screen”

location of television sets and computer monitors; impact of convergence on each set’s function and location
second and third screen access
analog television components: cathode ray tube for exciting and shooting electrons at 20,000 volts onto a phosphorescent screen

rasterization-scanning lines of resolution

interlaced scanning vs. progressive scannning

all the terms used to describe various television sets in a Best Buy advertising circular
liquid crystal—light emitting diodes suspended in a quartz solution
organic LEDs—do not require back lighting and therefore draw less power

plasma—super electron acceleration in a narrow space filled with xenon or neon gas
rear projection, especially Digital Light Processing—fast switching mirrors

the trade offs in quality/location/specifications of computer monitors and television sets

NTSC, PAL SECAM television standards; interlaced or progressively scanned lines

compression: fitting a 19 Mbps signal into a 6 MHz channel; MPEG-2,4

quality of picture vs. price of set

multiple DTV standards: 480, 720 1080 lines
aspect ratio: 4 by 3 in conventional TV; but 16 by 19 for DTV—replicates the movie theater screen

pixels/dot pitch; number of pixels in a television display and comparison of columns and rows in 

computer monitors vs. television sets;  a computer monitor with 1080 rows can have 1920 vertical columns

refresh rate; 60 Hz standard vs. latest 240 Hz+ rate; note that Hz refers to Hertz or cycles per second

televisions have a refresh rate of 30 frames a second; with 60 Hz there can be duplication or 
interlacing of half frames; movies use 24 full frames a second

personal video recorders

television interfaces: RF, composite video, S-video, RGB, DVI and HDMI

VHF Ch. 2 – 6, 59 - 88 MHz; VHF Ch. 7 – 13, 175 - 216 MHz

UHF Ch.14-82, 470-884 MHz now reduced to ch14-51;
3D television: stereoscopic viewing; polarization, passive and active glasses; side-by-side vs. sequential frames

Cable Television/Broadband (Sep. 29, Oct. 4)
We will examine the three phases of cable television development: 1) community antenna television that imported broadcast television signals; 2) cable television that added non-broadcast programming and began to develop narrowband upstream signal processing; and 3) two-way interactive, broadband telecommunications. 

Additionally we will learn how telephone companies retrofit the local loop to provide broadband service (Digital Subscriber Line) and cable companies diplex/partition available broadband capacity for cable modem service. Technological innovations have caused previously discrete and stand-alone markets to become integrated and competitive. Telephony used to provide only a narrowband, voice-dominated two-way, switched service while cable television used to provide only a wideband, video-dominated one-way service. Now, innovations in compression, digitization, computerization, switching, etc. make it possible for the telephone network to become a broadband medium and for the cable television plant to become two-way. 

Assignments: 
Dr. Walter Ciciora, An Introduction to Basic CATV; available at: http://people.deas.harvard.edu/~jones/cscie129/nu_lectures/lecture13/CATV/CATV.html
Review Fiber-to-the-Home Council, Advantages of Optical Access (2009); available at:  http://www.salisburync.gov/ftth/fiber_advantages.pdf
Rolf V. Ostergaard, Cable Modem Tutorial; available at: http://chapters.scte.org/newengland/reference/Cable_Modems/Contents.htm
Peter Macaulay, DSL Standards Update; available at: http://www.dslreports.com/forum/remark,12089082
view About.com Video, High-Speed Internet - Cable Versus DSL; available at: http://video.about.com/compnetworking/Cable-Versus-DSL.htm
BPL - Broadband over Powerline; available at:  http://www.infocellar.com/networks/new-tech/BPL/BPL.htm
Concepts You Need to Master

the three generations of cable-delivered television:

1G: community antenna television–master antenna delivery of broadcast signals to valley locations; tree and branch topology using mountain top antenna, coaxial cable with one-way amplifiers.  Amplifier and other splices create exposure to corrosive weather conditions and also can result in signal ingress and egress
2G: cable television–satellites offer cable only video programming, plus national delivery of urban independent broadcast television stations; Ted Turner’s “Superstation” business plan

3G: cable as a platform for triple play video, telephony and Internet access via fiber optic media using photon (laser) transmission

“bundled” “one-stop shopping” for a variety of services raising monthly bills to 3 digits

legacy cable television topology: one-way, unswitched tree and branch architecture with cascading amplifiers 

comparative strengths and weaknesses of the legacy CATV topology, already broadband, but lacking in an upstream link, etc.

what must CATV operators do to become players in the telecommunications and information revolution?  where and how to install switching and fiber optic facilities 

Fiber to the Curb; Hybrid fiber/coax architectures

simplex vs. duplex capabilities

understand diplexing as dividing available bandwidth into two or more segments used for different purposes, e.g., separate upstream and downstream Internet service
also understand the concept of asymmetric traffic streams–far heavier downstream vs. upstream traffic flows

role and function of cable modems; advantages over twisted wire pair

asynchronous transmission: untimed different transmissions, e.g., typing in an Internet 

CATV operators’ current and future strategies–clustering, M&A, telephony, Internet access

business/marketing/economic consequences of clustering; use of clustering to develop wide regional presence and scale economies; create a single regional Super Headend with former Headends serving as Nodes; for telephony install small switches at the Nodes

what did cable television operators do to retrofit a first generation system to provide 2G and 3G services? expand bandwidth, install two way amplifiers, diplex the bandwidth to create an upstream traffic flow; replace copper wire starting at the headend

cable modem functions: understand what a modulator/demodulator does; additional functions include tuning the Internet bandwidth and working in an Ethernet environment

cable bonding—merging 3 or more 6 MHz cable channels to provide more data throughput

digital subscriber line service—expanding the copper-based local loop carrier to provide about 1500 kHz of bandwidth for medium speed service to locations typically within 3 miles of an end office 
digital signal processing—how an electricity line can carry a faint but receivable data channel



Oct. 6 Second Test 
Oct. 11 Second Test Review



Satellite Technology (Oct. 13, 18, 20)
        Terrestrial, wireline telecommunications like fiber optic cables serve as the preferred media for transmitting content. However, satellites excel in point-to-multipoint applications and can provide a “gap filling” service in areas where a business case does not support ubiquitous wireline service. We will examine the basic components in satellite telecommunications used to provide video programming, voice and data services.  We also will learn how satellites can provide precise information about one’s location.
Assignments: 
Boeing, Corp.  What Is A Satellite? available at: http://www.sia.org/industry_overview/sat101.pdf
Bruce A. Henoch, Satellite Technology Basics (2007); available at: http://www.sia.org/Stratos-Henoch-SatelliteBasicsIWCE2007.pdf
State of the Satellite Industry; available at: http://www.sia.org/PDF/2011%20State%20of%20Satellite%20Industry%20Report%20(June%202011).pdf
Garmin, GPS Guide for Beginners; available at: http://www.garmin.com/manuals/GPSGuideforBeginners_Manual.pdf
Cathal Mc Daid, GPS Overview; available at: http://www.palowireless.com/gps/tutorial.asp
Concepts You Need to Master

Arthur C. Clarke’s science fiction scenario: satellites as a "bent pipe" relay
parabolic antenna signal concentration into a feed horn; like the optic nerve function in the brain and eye; like the solar energy concentration provided by a magnifying lens; concept of natural gain from the antenna and electronic “gain” from a low noise amplifier

geostationary orbit/ geosynchronous orbit 

other orbit types: elliptical; low earth; apogee; perigee 

transponder as a relay and as a unit of capacity, typically 36 MHz  
 

boresight 

signal attenuation 

look angle; line of sight; azimuth; station keeping 

location of communication satellites 

uplink; downlink; footprint; beam sizes: global, hemispheric, zone, spot 

comparative strengths and weaknesses of satellites vis a vis terrestrial options 
point-to-multipoint services have low incremental costs to serve an additional point of communication: positive network externalities/Metcalfe's law 

bandwidth limitations typically satellite has 24 transponders 

bandwidth conservation tactics: frequency reuse; geographical discrimination of beams, both vertical and horizontal polarization 

role of satellites in video program delivery: cable television, direct broadcast satellite service 
“superstations” 

very small aperture antennas 

major elements of satellite earth station: dish; feedhorn, block converter, low noise amplifier; receiver/deencryption; tracking telemetry and network control/station keeping 

major elements of satellites: two types spin-stabilized; 3 axis-stabilized; controlling yawl, pitch and roll through interior gyroscopes, or by “wings”; station keeping; batteries/solar panels; antennas; heat sinks; thrusters; transceivers 

satellite operational frequencies: C (6-8 GHz uplink/4-6 GHz downlink), Ku (13-14 GHz uplink/11-12 GHz downlink), Ka (20-30 GHz) 

how Global Positioning Satellites work—the basics of triangulation

Basic Terrestrial Wireless Technologies (Oct. 25, 27, Nov. 1)
        Mobile wireless technologies have penetrated telecommunications markets with unprecedented success. Cellular radio ramped up from 0 subscribers in the early 1980s to over 300 million now in the U.S.  Well-financed players have bid billions of dollars for the privilege to use spectrum for so-called Fourth Generation wireless services. We will examine cellular radio, personal communication services, specialized mobile radio and other wireless technologies.

Assignments: 
Tom Farley & Mark van der Hoek, Cellular Telephone Basics, (2006); available at: http://www.privateline.com/mt_cellbasics/
How Cellular Telephones Work http://gk12.harvard.edu/modules/how_cell_phones_work.doc
Concepts You Need to Master

tetherlessness benefits–efficiency, productivity

three generations of cellular radio; 1) analog at 800-900 MHz; 2) digital and more channel capacity including Personal Communication Networks operating at 1900 MHz (lower power required, but more tower sites); and 3) broadband service offering both mobile and fixed Internet access, teleconferencing; includes Local Multipoint Distribution Services operating at 28.5 GHz
how to accommodate more simultaneous users? more bandwidth + frequency reuse + spectrum conservation techniques (TDMA, CDMA)

frequency reuse; frequency agility in transceivers

how to provide service to mobile users?  MTSO managed signal strength measurements + handoffs + handsets with frequency agility + digital signal processing; note that the MTSO can direct handsets to increase or reduce transmission power

how to secure payment and serve roamers? Fast data base/call registry interrogation + constant control channel polling of user population
different frequencies in use; 800-900 MHz; 1900 MHz; paired (duplex) phone/tower frequencies

pico/femto- micro- macro and satellite cells; (cellular vs. PCS vs. LEO vs. MEO vs. ICO vs. GEO)

cell splitting

Mobile Telephone Switching Office (“MTSO”) serves as a wireless tandem switch

Frequency Division Multiplexing; sometimes  referred to as Frequency Division Multiple Access—divide bandwidth into discrete, individual channels

Time Division Multiple Access transmission format—share channels among several users whose access is slotted by time 

Code Division Multiple Access transmission format; spread spectrum transmission format—multiple code sequences at very low power spread over a large bandwidth

role of standards: lack of uniformity vs. competitive advantage in having a single standard; US has 3 + standards while Europe started with 1: GSM

Wireless Local Loop: fixed wireless; point-to-point microwave, or omni-directional

Local Multipoint Distribution System; omni directional wireless for voice, Internet, video; largely unsuccessful in the marketplace—why?

Wi-Fi (wireless fidelity); actually an IEEE standard for short distance data transmission 802.11; operates in the 2.4 GHz band; consider it “access to access”

Wireless Local Area Networks; hot spots; throughput of up to 11 mbps

Wi-Fi equipment: Wi-Fi card; hub/access point; Internet access

comparative advantages: cellular vs. Wi-Fi; QOS, security; reliability; availability; throughput

Wireless Network Neutrality

Walled Gardens

Advanced Wireless Networks (Nov. 3, 8)
In this unit, we will examine a number of “next generation” wireless networks that offer the potential to make wireless devices a third screen for video/Internet content.  We need to understand both how these technologies work and whether a market can develop for services that can exploit much more bandwidth and data throughput.

Assignments: 


3G LTE Tutorial - 3GPP Long Term Evolution, available at: 

http://www.radio-electronics.com/info/cellulartelecomms/lte-long-term-evolution/3g-lte-basics.php; (read the first two sections);
4G LTE Advanced Tutorial, available at: http://www.radio-electronics.com/info/cellulartelecomms/lte-long-term-evolution/3gpp-4g-imt-lte-advanced-tutorial.php (read the first section);

IEEE 802.16 WMAN Resource Center, What is Wi-MAX, available at: http://www.palowireless.com/i802_16/wimax.asp
Intel, Ultra-Wideband (UWB Technology)

Enabling high-speed wireless personal area networks, available at: http://www.intel.com/technology/comms/uwb/download/ultra-wideband.pdf
Concepts You Need to Master
Long Term Evolution; promise of 4G: higher speed Internet access; video conferencing; gaming; downloads—what is/are the killer applications?

ultra wideband (“UWB”) wireless spectrum and services

spread spectrum radio: frequency hopping and direct-sequence

Wi-Max—30 km cells suitable for slow moving or fixed applications

Nov. 10 Third Test 
Nov. 15 Third Test Review

Voice Over the Internet Protocol and Internet Protocol Television (Nov. 17, 29)
       In this unit, we will learn how the Internet can serve as a somewhat awkward vehicle for “free” telephone calling worldwide. We will see how the increasingly versatile nature of the Internet financially threatens incumbent service providers and the current pricing regime.  We also will extend our examination of Internet-delivered video content. 

Assignments: 

Review Nortel Tutorial on Technical Challenges Associated with the Evolution to VoIP, available at: http://www.fcc.gov/realaudio/presentations/2003/120103/comments/Nortel-RaymondLStrassburger.ppt
Jaroslaw Ponder, IPTV: New Challenge for Global ICT Sector Policies (Oct. 12-13, 2006); available at: 
http://www.itu.int/dms_pub/itu-t/oth/06/16/T06160000040001PDFE.pdf
Concepts You Need to Master
Voice over the Internet Protocol 

VoIP uses real time “streaming” of voice packets; i.e., immediate, “just in time” delivery.  Any lost packets will result in “drop outs” in the conversation

one way to think about VoIP is to determine where its component parts fit within the OSI 7 layer protocol stack; we can we reduce the 7 components to 3 layers: content, software applications, SIP/TCP/IP, physical connections via DSL, cable modems

types: low QOS voice over the Internet; higher QOS voice over IP using dedicated or virtual private lines
PC-to-PC; PC-to-telephone; telephone-to-telephone; VoIP: using high speed broadband connections; uses TCP/IP for real time streaming of voice packets

know the equipment requirements: DSL or cable modem “access to access” terminal adapter for VoIP (may not even need a computer); more basis PC-to-PC: computer equipped with sound card, microphone, speaker, software

packet switching; packet loss 

sound card functions and codec (coder/decoder) functions: analog to digital conversion and vice versa 

packet assembly and disassembly

gateway function-- converts packets back into analog voice traffic for routing through the PSTN

analog terminal adapter function

commercial impact of Internet telephony: incumbents face lower margins in having to “cannibalize” higher margin services; new competitors, e.g., Net-to-Phone, Vonage

Internet telephony as an arbitrage technology—exploits financial margins and regulatory loopholes

limitations of Internet telephony: QOS, no automatic number identification; no E-911 access

likelihood of echo and latency; non-ubiquitous access to all phones on the PSTN; no directory listing; national security concerns

impact of Internet telephony on incumbent service providers and manufacturers—cannibalization

commercial VoIP must be able to receive call from the conventional PSTN and have calls delivered via the PSTN to call receipients
Internet Protocol Television (“IPTV”)

IPTV uses broadband streaming of “mission critical” bits

full motion video streaming requires a minimum 1 Mbps bitrate and requires high monthly throughput allowances

consider IPTV content delivered to all three screens; notice how difficult it is to forward/relay content from one screen to another, e.g., computers to television sets
IPTV provides access to video content “over the top” of conventional distribution technologies such as broadcast and cable televison
IPTV offers a competitive alternative to paid content; will incumbents, such as cable television operators have to cannibalize their revenue streams?

note that wireless IPTV is an alternative to broadcast television tuner installation.

is IPTV a killer application, offering a true platform for anytime, anywhere content, or will incumbent create “walled gardens” available only to paying subscribers?

IPTV offers real time delivery of video packets in a multi-cast, point to multipoint environment

IPTV will succeed if the content available rivals first screen offerings

users must be willing to trade off screen size and clarity (line resolution) for accessibility in a mobile environment to wireless handsets and laptops

content suppliers need to manage QOS; one way to enhance reliability and expand the number of simultaneous viewers is use widely distributed proxy servers

Cloud Computing and Commerce—Risks and Rewards (Dec. 1)
This concluding unit will offer an overview of technologies that either enhance or reduce privacy when using the Internet.  Vendors need to build confidence and trust on one hand, but also to refrain from predatory and harmful behavior.  We also will examine how online technologies collect information about your Web browsing, ostensibly to provide you with suggestions about purchases and the “data miner” with information that could improve efficiency and profitability.  When ventures can “sniff” out packets, the outcome has both positive and negative consequences.

Assignments: 
Karen Coyle, A Primer on Internet Privacy; available at: http://www.kcoyle.net/privacyprimer.html
RSA Laboratories, A Primer on RFID, available at: http://www.rsasecurity.com/rsalabs/node.asp?id=2116 (read the first 6 major topics)

Sandvine, The Evolution of Network Traffic Optimization: Providing Each User Their Fair Share, White Paper (2011); available at: http://www.sandvine.com/downloads/documents/Evolution_of_Traffic_Optimization.pdf
Concepts You Need to Master
who are the early adopters of e-commerce services?

the mantra of “Faster, Better, Smarter, Cheaper and More Convenient”—frictionless commercial transactions

dot com examples of disintermediation–eliminating the “middleman”

dot com examples of new intermediaries and the value they offer, e.g., Yahoo as a portal and as a disintermediator

business-to-business e-commerce; generates 80%+ of the revenues; business-to-consumers e-commerce

data mining

cannibalization—new product or service eats into an existing revenue stream possibly generating lower margins and less profit

price discrimination in Internet-mediated transactions—different prices for the same good or service based on consumer characteristics, e.g., Dell for us and Dell for PSU

dynamic pricing in Internet-mediated transactions—the ability/necessity of consumers to negotiate or search for better (lower) prices for the same good or service, e.g., airline tickets

data base interrogation in real time commercial transactions

the role of advertising in e-commerce: subsidized access to content, like broadcast television

an Internet of Things

Radio Frequency Identification Devices (“RFIDs”)—how they work (active/passive); what they do; business applications; strengths, weaknesses, opportunities and threats 

deep packet inspection; “packet sniffing”

digital rights management

Dec. 6 or Dec. 8 Fourth Test 

