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DisclaimerDisclaimer

This presentation made direct and indirect quotes This presentation made direct and indirect quotes 
from books, articles and other publications from books, articles and other publications 
including contents available on the Internet. The including contents available on the Internet. The 
presenter has taken  great pains to acknowledge all presenter has taken  great pains to acknowledge all 
sources. Links are provided to the pertinent web sources. Links are provided to the pertinent web 
sites in the appropriate sections of the presentation. sites in the appropriate sections of the presentation. 
Any omission to acknowledge any source is Any omission to acknowledge any source is 
unintentional. Some views expressed in the unintentional. Some views expressed in the 
presentation are the personal opinion of the presentation are the personal opinion of the 
presenter. presenter. 
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The HistoryThe History
Ref: http://inventors.about.com/gi/dynamic/offsite.htm?site=httpRef: http://inventors.about.com/gi/dynamic/offsite.htm?site=http://www.pr ivateline.com/PCS/splash.htm://www.pr ivateline.com/PCS/splash.htm

•• ElectromagnetismElectromagnetism
�� Faraday (circa 1843) investigated conduction of Faraday (circa 1843) investigated conduction of 

electricity through space.electricity through space.

�� Maxwell (circa 1864), who followed FaradayMaxwell (circa 1864), who followed Faraday’’ s s 
work, published work, published ““ Dynamical Theory of the Dynamical Theory of the 
Electromagnetic FieldElectromagnetic Field”” . His conclusion: . His conclusion: 
electricity, magnetism, and light are related.    electricity, magnetism, and light are related.    



From: http://www.lbl.gov/MicroWorlds/ALSTool/EMSpec/EMSpec2.html



The History (ContThe History (Cont’’ d)d)

•• MaxwellMaxwell ’’ s 1864 work was known around the s 1864 work was known around the 
world. Created a lot of excitement. world. Created a lot of excitement. 

•• Thomas Edison (circa 1875), while working on Thomas Edison (circa 1875), while working on 
““ acoustical telegraphyacoustical telegraphy”” generated generated 
electromagnetic sparks from a electromagnetic sparks from a ““ vibrator vibrator 
magnetmagnet”” ..



The History (ContThe History (Cont’’ d)d)

•• David Hughes (circa 1879David Hughes (circa 1879--1886), 1886), 
London born freelance inventor. He London born freelance inventor. He 
discovered radio waves. He was discovered radio waves. He was 
incorrectly told that he had discovered incorrectly told that he had discovered 
no such thing. He was discouraged. He no such thing. He was discouraged. He 
abandoned radio work. He was the first abandoned radio work. He was the first 
person to take a call on a mobile phone. person to take a call on a mobile phone. 
At 26 he designed the printing At 26 he designed the printing 
telegraph. Like Edison, he worked as a telegraph. Like Edison, he worked as a 
contractor for Western Union. contractor for Western Union. 
Developed the first true microphone, Developed the first true microphone, 
and (independently) a radio transmitter.  and (independently) a radio transmitter.  



The History (ContThe History (Cont’’ d)d)

•• Professor Heinrich Hertz of Bonn Germany (circa Professor Heinrich Hertz of Bonn Germany (circa 
1888) reliably produced and detected radio waves.1888) reliably produced and detected radio waves.

•• Other inventors (e.g., Tesla, Branly, Stubblefield, Other inventors (e.g., Tesla, Branly, Stubblefield, 
Jagadis G. Bose, Marconi) reproduced/validated Jagadis G. Bose, Marconi) reproduced/validated 
HertzHertz’’ s experiments and advanced the practical use of s experiments and advanced the practical use of 
radio.radio.

•• Lars M. Ericsson and wife Hilda (circa 1910Lars M. Ericsson and wife Hilda (circa 1910--) ) 
worked on the first car telephone.worked on the first car telephone.



The History (ContThe History (Cont’’ d)d)

•• The US radio Act (1912) assigned spectrum blocks The US radio Act (1912) assigned spectrum blocks 
and gave operator licenses.and gave operator licenses.

•• Mobile radios were being operated in the 2 MHz by Mobile radios were being operated in the 2 MHz by 
1921.1921.

•• The Federal Radio Commission was created in 1927 The Federal Radio Commission was created in 1927 
to bring order to radioto bring order to radio--related legal and operational related legal and operational 
chaos .  FRC became the Federal Communications chaos .  FRC became the Federal Communications 
Commission (FCC) in 1934.Commission (FCC) in 1934.

•• The first voice based radio mobile system went The first voice based radio mobile system went 
operational on April 7, 1928. operational on April 7, 1928. 



The History (ContThe History (Cont’’ d)d)

•• Bell Laboratories claim Bell Laboratories claim 
the first mobile 2the first mobile 2--way way 
voice based radio voice based radio 
telephone in 1924.telephone in 1924.

•• Truly practical systems Truly practical systems 
came out in the 1940s.came out in the 1940s.



The History (ContThe History (Cont’’ d)d)

•• In July 1945, the FCC Commissioner, in an article In July 1945, the FCC Commissioner, in an article 
titled titled ““ Phone Me By AirPhone Me By Air”” , spoke of what we now , spoke of what we now 
refer to as a cellular system. It was called a refer to as a cellular system. It was called a ““ small small 
zone systemzone system”” at the time. at the time. 

•• On June 17, 1946 in St Louis, Missouri, AT&T and On June 17, 1946 in St Louis, Missouri, AT&T and 
Southernwestern Bell introduced the first American Southernwestern Bell introduced the first American 
commercial mobile radiocommercial mobile radio--telephone to private telephone to private 
consumers. consumers. 



The History (ContThe History (Cont’’ d)d)

•• In December 1947 (at In December 1947 (at 
Bell Labs) D.H. Ring Bell Labs) D.H. Ring 
(assisted by W.R. (assisted by W.R. 
Young) described the Young) described the 
cellular network idea in cellular network idea in 
an internal memo.an internal memo.

•• In the 1950s the first In the 1950s the first 
phonephone--equipped cars equipped cars 
were available. were available. 



The BreakthroughThe Breakthrough
The Concept of Frequency ReThe Concept of Frequency Re--useuse

•• In January, 1969 the Bell System made commercial In January, 1969 the Bell System made commercial 
cellular radio operational by employing frequency cellular radio operational by employing frequency 
reuse for the first time. reuse for the first time. 

•• From the US Patent 3663762 (MOBILE COMMUNICATION SYSTEMFrom the US Patent 3663762 (MOBILE COMMUNICATION SYSTEM –– Inventor Inventor 
Amos Joel, Jr. of Bell Telephone Laboratories, Issued/Filed DateAmos Joel, Jr. of Bell Telephone Laboratories, Issued/Filed Dates: May 16, 1972 / s: May 16, 1972 / 
Dec. 21, 1970) Dec. 21, 1970) 

•• ““ A more efficient system may be obtained by dividing a A more efficient system may be obtained by dividing a 
metropolitan center into a number of small serving areas, metropolitan center into a number of small serving areas, 
hereinafter referred to as cell areas, each equipped with low hereinafter referred to as cell areas, each equipped with low 
power base transmitters and receiverspower base transmitters and receivers””

..



The First Handheld CellphoneThe First Handheld Cellphone
•• On October 17, 1973, Motorola On October 17, 1973, Motorola 

filed a patent entitled ©Radio filed a patent entitled ©Radio 
telephone system.© It outlined telephone system.© It outlined 
Motorola©s cellular radio system Motorola©s cellular radio system 
and was given US Patent Number and was given US Patent Number 
3,906,166 when it was granted on 3,906,166 when it was granted on 
September 16,1975. Inventors on September 16,1975. Inventors on 
the patent were Martin Cooper, the patent were Martin Cooper, 
Richard Dronsuth, Albert J. Richard Dronsuth, Albert J. 
Mikulski, Charles N. Lynk, Jr., Mikulski, Charles N. Lynk, Jr., 
James J. Mikulski, John F. James J. Mikulski, John F. 
Mitchell, Roy A. Richardson, and Mitchell, Roy A. Richardson, and 
John H. Sangster. This came a John H. Sangster. This came a 
year after the Bell System patent year after the Bell System patent 
was approved. was approved. 



The Way Things AreThe Way Things Are

•• The cell (the coverage The cell (the coverage 
area) is the red hexagon, area) is the red hexagon, 
the towers (base station the towers (base station 
radio equipment and the radio equipment and the 
antennas) are the antennas) are the 
corners.corners.



How a Cellphone WorksHow a Cellphone Works

•• Each cell site has a base station with a Each cell site has a base station with a 
computerized 800 or 1900 megahertz computerized 800 or 1900 megahertz 
transceiver (transmitter + receiver) and an transceiver (transmitter + receiver) and an 
antenna. This radio equipment provides antenna. This radio equipment provides 
coverage for an area that©s usually two to ten coverage for an area that©s usually two to ten 
miles in radius. The coverage area size miles in radius. The coverage area size 
depends on such factors as topography, depends on such factors as topography, 
population, and traffic.population, and traffic.



How a Cellphone WorksHow a Cellphone Works
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When you turn on your phone the mobile switch determines When you turn on your phone the mobile switch determines 
what cell will carry the call and assigns a vacant radio channelwhat cell will carry the call and assigns a vacant radio channel
within that cell to take the conversation. It selects the cell twithin that cell to take the conversation. It selects the cell to o 
serve you by measuring signal strength, matching your mobile serve you by measuring signal strength, matching your mobile 
to the cell that has picked up the strongest signal. Managing to the cell that has picked up the strongest signal. Managing 
handoffs or handovers, that is, moving from cell to cell, is handoffs or handovers, that is, moving from cell to cell, is 
handled in a similar manner. The base station serving your call handled in a similar manner. The base station serving your call 
sends a handsends a hand--off request to the mobile switch after your signal off request to the mobile switch after your signal 
drops below a handover threshold. The cell site makes several drops below a handover threshold. The cell site makes several 
scans to confirm this and then switches your call to the next scans to confirm this and then switches your call to the next 
cell. You may drive fifty miles, use 8 different cells and nevercell. You may drive fifty miles, use 8 different cells and never
once realize that your call has been transferred. once realize that your call has been transferred. 



Did You Know?Did You Know?
Some Wireless Some Wireless ““ BytesBytes””



Wireless BytesWireless Bytes

•• 545: Number of New York customers (in 1976) who 545: Number of New York customers (in 1976) who 
had Bell System mobiles. had Bell System mobiles. 

•• 3,700: NY customers on the waiting list. 3,700: NY customers on the waiting list. 
•• 44,000: Number of Bell AT&T US mobile 44,000: Number of Bell AT&T US mobile 

subscribers.subscribers.
•• 20,000: Number on waiting list that lasted 520,000: Number on waiting list that lasted 5--10 years.10 years.
•• 37: Years it took (from the introduction of mobile 37: Years it took (from the introduction of mobile 

phones) for cellular technology to be commercialized.    phones) for cellular technology to be commercialized.    



Evolution of Wireless StandardsEvolution of Wireless Standards
Reference/Bibliography/Direct Quotation Sources:Reference/Bibliography/Direct Quotation Sources: encycl.opentopia.com/term/encycl.opentopia.com/term/



0G0G

•• 0G0G refers to prerefers to pre--cecellphone mobile telephony llphone mobile telephony 
technology, such as radio telephones that some technology, such as radio telephones that some 
had in cars before the advent of cellphones.had in cars before the advent of cellphones.

•• One such technology is the Autoradiopuhelin One such technology is the Autoradiopuhelin 
(ARP) launched in 1971 in (ARP) launched in 1971 in FinlFinland as the and as the 
country©s first public commercial mobile phone country©s first public commercial mobile phone 
network.network.



1G1G

•• 1G1G (or 1(or 1--G) is short for firstG) is short for first--generation generation wirelesswireless
telephonetelephone technologytechnology, , cellphonescellphones. These are the . These are the 
analoganalog cellphone standards that were introduced in cellphone standards that were introduced in 
the the 80©s80©s and continued until being replaced by and continued until being replaced by 2G2G
digitaldigital cellphones.cellphones.

•• One such standard is One such standard is NMTNMT (Nordic Mobile (Nordic Mobile 
Telephone), used in Telephone), used in Nordic countriesNordic countries, , Eastern EuropeEastern Europe
and and RussiaRussia. Another is . Another is AMPSAMPS (Advanced Mobile (Advanced Mobile 
Phone System) used in the Phone System) used in the United StatesUnited States..



2G2G

•• 2G2G (or 2(or 2--G) is short for secondG) is short for second--generation generation wirelesswireless
telephonetelephone technologytechnology. It cannot normally transfer . It cannot normally transfer 
data, such as email or software, other than the digital data, such as email or software, other than the digital 
voice call itself, and other basic ancillary data such as voice call itself, and other basic ancillary data such as 
time and date. Nevertheless, time and date. Nevertheless, SMSSMS messaging is also messaging is also 
available as a form of data transmission for some available as a form of data transmission for some 
standards.standards.

•• 2G services are frequently referred to as 2G services are frequently referred to as Personal Personal 
Communications ServiceCommunications Service or or PCSPCS in the US.in the US.



2G2G

•• 2G technologies can be divided into 2G technologies can be divided into TDMATDMA--based based 
and and CDMACDMA--based standards depending on the type of based standards depending on the type of 
multiplexingmultiplexing used. The main 2G standards are:used. The main 2G standards are:

•• GSMGSM (TDMA(TDMA--based), originally from Europe but based), originally from Europe but 
used worldwide used worldwide 

•• IDENIDEN (TDMA(TDMA--based), proprietary network used by based), proprietary network used by 
NextelNextel in the in the United StatesUnited States and and Telus MobilityTelus Mobility in in 
CanadaCanada

•• ISIS--136136 akaaka DD--AMPSAMPS, (TDMA, (TDMA--based, commonly based, commonly 
referred as simply referred as simply TDMATDMA in the US), used in the in the US), used in the 
Americas Americas 



2G2G

•• ISIS--9595 akaaka cdmaOnecdmaOne, (CDMA, (CDMA--based, commonly based, commonly 
referred as simply referred as simply CDMACDMA in the US), used in the in the US), used in the 
Americas and parts of Asia Americas and parts of Asia 

•• PDCPDC (TDMA(TDMA--based), used exclusively in Japan based), used exclusively in Japan 
•• 2.5G2.5G services are available in many countries. Within services are available in many countries. Within 

the last year the last year 3G3G was widely available in many was widely available in many 
countries.countries.



3G3G

•• 3G3G (or 3(or 3--G) is short for G) is short for thirdthird--generationgeneration
mobile telephonemobile telephone technologytechnology. The services . The services 
associated with 3G provide the ability to associated with 3G provide the ability to 
transfer both voice data (a telephone call) and transfer both voice data (a telephone call) and 
nonnon--voice data (such as voice data (such as downloadingdownloading
informationinformation, exchanging , exchanging emailemail , and , and instant instant 
messagingmessaging). ). 



3G3G

•• 3G is now the third generation of mobile 3G is now the third generation of mobile 
phone systems. They provide both a phone systems. They provide both a packetpacket--
switchedswitched and a circuitand a circuit--switched domain from switched domain from 
the beginning. It requires a new access the beginning. It requires a new access 
network, different from that already available network, different from that already available 
in 2G systems. in 2G systems. 



WiWi--FiFi
Reference/Bibliography/Direct Quotation Sources:Reference/Bibliography/Direct Quotation Sources: en.wikipedia.org/wiki/WiFien.wikipedia.org/wiki/WiFi

•• WiWi--FiFi (or (or WiWi--fifi , , WiFiWiFi, , WifiWifi , , wifiwifi ), short for ), short for 
"Wireless Fidelity", is a set of standards for "Wireless Fidelity", is a set of standards for 
wirelesswireless local area networkslocal area networks ((WLANWLAN) ) 
currently based on the currently based on the IEEE 802.11IEEE 802.11
specifications. New standards beyond the specifications. New standards beyond the 
802.11 specifications, such as 802.11 specifications, such as 802.16802.16 are are 
currently in the works, they offer many currently in the works, they offer many 
enhancements, anywhere from longer range to enhancements, anywhere from longer range to 
greater transfer speeds.greater transfer speeds.



WiWi--FiFi

•• WiWi--Fi was intended to be used for wireless Fi was intended to be used for wireless 
devices and devices and LANsLANs, but is now often used for , but is now often used for 
InternetInternet access. It enables a person with a access. It enables a person with a 
wirelesswireless--enabled computer or enabled computer or personal digital personal digital 
assistantassistant to connect to the Internet when in to connect to the Internet when in 
proximity of an proximity of an access pointaccess point called a called a hotspothotspot..



Advantages of WiAdvantages of Wi--FiFi

•• Unlike Unlike packet radiopacket radio systems, Wisystems, Wi--Fi uses unlicensed Fi uses unlicensed 
radio spectrum and does not require regulatory radio spectrum and does not require regulatory 
approval for individual implementation. approval for individual implementation. 

•• Allows LANs to be deployed without cabling, Allows LANs to be deployed without cabling, 
potentially reducing the costs of network deployment potentially reducing the costs of network deployment 
and expansion. Spaces where cables cannot be run, and expansion. Spaces where cables cannot be run, 
such as outdoor areas and historical buildings, can such as outdoor areas and historical buildings, can 
host wireless LANs. host wireless LANs. 



Advantages of WiAdvantages of Wi--FiFi

•• WiWi--Fi products are widely available in the Fi products are widely available in the 
market. Different brands of access points and market. Different brands of access points and 
client network interfaces are interoperable at a client network interfaces are interoperable at a 
basic level of service.basic level of service.

•• Competition amongst vendors has lowered Competition amongst vendors has lowered 
prices considerably since their inception.prices considerably since their inception.



Advantages of WiAdvantages of Wi--FiFi

•• Many WiMany Wi--Fi networks support roaming, in which a Fi networks support roaming, in which a 
mobile client station such as a laptop computer can mobile client station such as a laptop computer can 
move from one access point to another as the user move from one access point to another as the user 
moves around a building or area. moves around a building or area. 

•• Many access points and network interfaces support Many access points and network interfaces support 
various degrees of encryption to protect traffic from various degrees of encryption to protect traffic from 
interception. interception. 



Disadvantages of WiDisadvantages of Wi--FiFi

•• Use of the 2.4 GHz WiUse of the 2.4 GHz Wi--Fi band does not require a license in Fi band does not require a license in 
most of the world provided that one stays below the 100mWatt most of the world provided that one stays below the 100mWatt 
limit and one accepts interference from other; including limit and one accepts interference from other; including 
interference which causes your devices to no longer function. interference which causes your devices to no longer function. 

•• Legislation is not consistent worldwide; most of Europe allows Legislation is not consistent worldwide; most of Europe allows 
for an additional 2 channels; Japan has one more on top of that for an additional 2 channels; Japan has one more on top of that 
-- and some countries, like Spain, prohibit use of the lowerand some countries, like Spain, prohibit use of the lower--
numbered channels. Furthermore some countries, such as Italy, numbered channels. Furthermore some countries, such as Italy, 
require a ©general authorization© for any WiFi used outside the require a ©general authorization© for any WiFi used outside the 
owned premises; or require something akin to an operator owned premises; or require something akin to an operator 
registration. registration. 



Disadvantages of WiDisadvantages of Wi--FiFi

•• The The 802.11b802.11b and and 802.11g802.11g flavors of Wiflavors of Wi--Fi use the 2.4Fi use the 2.4 GHz GHz 
spectrum, which is crowded with other devices such as spectrum, which is crowded with other devices such as 
BluetoothBluetooth, , microwave ovensmicrowave ovens, cordless phones (900, cordless phones (900 MHz or MHz or 
5.85.8 GHz are, therefore, alternative phone frequencies one can GHz are, therefore, alternative phone frequencies one can 
use if one has a Wiuse if one has a Wi--Fi network), or video sender devices, Fi network), or video sender devices, 
among many others. This may cause a degradation in among many others. This may cause a degradation in 
performance. Other devices which use microwave frequencies performance. Other devices which use microwave frequencies 
such as certain types of cell phones can also cause degradation such as certain types of cell phones can also cause degradation 
in performance. in performance. 

•• Power consumption is fairly high compared to other Power consumption is fairly high compared to other 
standards, making battery life and heat a concern.standards, making battery life and heat a concern.



Disadvantages of WiDisadvantages of Wi--FiFi

•• The most common wireless encryption standard, The most common wireless encryption standard, Wired Wired 
Equivalent PrivacyEquivalent Privacy or WEP, has been shown to be easily or WEP, has been shown to be easily 
breakable even when correctly configured. Although newer breakable even when correctly configured. Although newer 
wireless products are slowly providing support for the wireless products are slowly providing support for the WiWi--Fi Fi 
Protected AccessProtected Access (WPA) protocol, many older access points (WPA) protocol, many older access points 
will have to be replaced to support it. The adoption of the will have to be replaced to support it. The adoption of the 
802.11i (aka 802.11i (aka WPA2WPA2) standard in June 2004 makes available a ) standard in June 2004 makes available a 
rather better security scheme for future use rather better security scheme for future use —— when properly when properly 
configured. In the meantime, many enterprises have had to configured. In the meantime, many enterprises have had to 
deploy additional layers of encryption (such as deploy additional layers of encryption (such as VPNsVPNs) to ) to 
protect against interception. protect against interception. 



Disadvantages of WiDisadvantages of Wi--FiFi

•• WiWi--Fi networks have limited range. A typical Fi networks have limited range. A typical 
WiWi--Fi home router using Fi home router using 802.11b802.11b or or 802.11g802.11g
might have a range of 150might have a range of 150 ft (46ft (46 m) indoors m) indoors 
and 300and 300 ft (92ft (92 m) outdoors. But about 10 US$ m) outdoors. But about 10 US$ 
and an hour of building will get you an and an hour of building will get you an 
antenna that can go much further. antenna that can go much further. 

•• Rogue access points could be used to steal Rogue access points could be used to steal 
information transmitted from Wiinformation transmitted from Wi--Fi users. Fi users. 



Current State of the Ar t Current State of the Ar t 
Reference/Bibliography/Direct Quotation Sources:Reference/Bibliography/Direct Quotation Sources: encycl.opentopia.com/term/encycl.opentopia.com/term/



3.5G3.5G

•• HighHigh--Speed Downlink Packet AccessSpeed Downlink Packet Access or or HSDPAHSDPA is a is a mobile mobile 
telephonytelephony protocolprotocol . Also called . Also called 3.5G3.5G (or "(or "33½½GG"). High Speed "). High Speed 
Downlink Packet Access (HSDPA) is a packetDownlink Packet Access (HSDPA) is a packet--based data based data 
service in service in WW--CDMACDMA downlink with data transmission up to 8downlink with data transmission up to 8--
10 Mbit/s (and 20 Mbit/s for MIMO systems) over a 5MHz 10 Mbit/s (and 20 Mbit/s for MIMO systems) over a 5MHz 
bandwidth in bandwidth in WCDMAWCDMA downlink. HSDPA implementations downlink. HSDPA implementations 
includes Adaptive Modulation and Coding (AMC), Multipleincludes Adaptive Modulation and Coding (AMC), Multiple--
Input MultipleInput Multiple--Output (Output (MIMOMIMO), Hybrid Automatic Request ), Hybrid Automatic Request 
((HARQHARQ), fast cell search, and advanced receiver design.), fast cell search, and advanced receiver design.

•• HSDPA is beginning to reach deployment status in North HSDPA is beginning to reach deployment status in North 
America. Cingular has announced that they will begin to America. Cingular has announced that they will begin to 
deploy UMTS with expansion to HSDPA in 2005.deploy UMTS with expansion to HSDPA in 2005.



3.5G3.5G

•• In 3rd generation partnership project (In 3rd generation partnership project (3GPP3GPP) ) 
standards, Release 4 specifications provide efficient standards, Release 4 specifications provide efficient 
IP support enabling provision of services through an IP support enabling provision of services through an 
allall --IP core network and Release 5 specifications focus IP core network and Release 5 specifications focus 
on HSDPA to provide data rates up to approximately on HSDPA to provide data rates up to approximately 
10 Mbit/s to support packet10 Mbit/s to support packet--based multimedia based multimedia 
services. services. MIMOMIMO systems are the work item in Release systems are the work item in Release 
6 specifications, which will support even higher data 6 specifications, which will support even higher data 
transmission rates up to 20 Mbit/s. HSDPA is transmission rates up to 20 Mbit/s. HSDPA is 
evolved from and backward compatible with Release evolved from and backward compatible with Release 
99 99 WCDMAWCDMA systems.systems.



The Near  FutureThe Near  Future
Reference/Bibliography/Direct Quotation Sources:Reference/Bibliography/Direct Quotation Sources: encycl.opentopia.com/term/encycl.opentopia.com/term/



4G4G

•• 4G4G (or 4(or 4--G) is short for G) is short for four thfour th--generationgeneration the the 
successor of successor of 3G3G and is a wireless access technology. and is a wireless access technology. 
It describes two different but overlapping ideas.It describes two different but overlapping ideas.

•• HighHigh--speed mobile wireless access with a very high speed mobile wireless access with a very high 
data transmission speed, of the same order of data transmission speed, of the same order of 
magnitude as a magnitude as a local area networklocal area network connection (10 connection (10 
Mbits/sMbits/s and up). It has been used to describe and up). It has been used to describe wireless wireless 
LANLAN technologies like technologies like WiWi--FiFi , as well as other , as well as other 
potential successors of the current potential successors of the current 3G3G mobile mobile 
telephone standards. telephone standards. 



4G4G

•• Pervasive networks. An amorphous and presently Pervasive networks. An amorphous and presently 
entirely hypothetical concept where the user can be entirely hypothetical concept where the user can be 
simultaneously connected to several wireless access simultaneously connected to several wireless access 
technologies and can seamlessly move between them. technologies and can seamlessly move between them. 
These access technologies can be These access technologies can be WiWi--FiFi , , UMTSUMTS, , 
EDGEEDGE or any other future access technology. or any other future access technology. 
Included in this concept is also smartIncluded in this concept is also smart--radio radio 
technology to efficiently manage spectrum use and technology to efficiently manage spectrum use and 
transmission power as well as the use of transmission power as well as the use of mesh routingmesh routing
protocols to create a protocols to create a pervasive networkpervasive network. . 



Wireless Interoperability for Wireless Wireless Interoperability for Wireless 
Access (WiAccess (Wi--Max)Max)
Source: http://wimaxxed.com/Source: http://wimaxxed.com/

•• WiMax (802.16) is the WiMax (802.16) is the next generation of WiFi, or Wireless next generation of WiFi, or Wireless 
networking technology that will connect you to the Internet at networking technology that will connect you to the Internet at 
faster speeds and from much longer ranges than current faster speeds and from much longer ranges than current 
wireless technology allows.wireless technology allows.

•• WiMax Promises uWiMax Promises up to 30 mile range without wires (cf p to 30 mile range without wires (cf 
traditional Witraditional Wi--Fi which is limited to 150 ft).Fi which is limited to 150 ft).

•• Broadband (theoretically up to 75 Mbps) speeds without cable Broadband (theoretically up to 75 Mbps) speeds without cable 
or T1 or T1 

•• Handles "last mile" access in remote areas. Handles "last mile" access in remote areas. 
•• Licensing and equipment due during 2005. Licensing and equipment due during 2005. 
•• Affordable technology (Standard Operates in the 10Affordable technology (Standard Operates in the 10--66 GHz 66 GHz 

frequency range).frequency range).



Potential WiMax UsagePotential WiMax Usage



Did You Know?Did You Know?

•• The US market for broadband wireless access The US market for broadband wireless access 
services based on technologies such as services based on technologies such as 
WiMAX will be worth US$3.7 billion by 2009 WiMAX will be worth US$3.7 billion by 2009 
(Monica Paolini in (Monica Paolini in ““ WiFi, WiMAX and WiFi, WiMAX and 
802.20: The Disruptive Potential of Wireless 802.20: The Disruptive Potential of Wireless 
Broadband WiMAXBroadband WiMAX”” ).).



WiMax Impact On Telecom Services WiMax Impact On Telecom Services 
BusinessBusiness
•• If expectations about the potential of WiMAX are met, the If expectations about the potential of WiMAX are met, the 

combination of Wicombination of Wi--Fi, WiMAX and 802.20 will have a huge Fi, WiMAX and 802.20 will have a huge 
impact on the provisioning of broadband services and the impact on the provisioning of broadband services and the 
overall business model of service providers. It will compete overall business model of service providers. It will compete 
headhead--on with current DSL and cable rollouts, both on price on with current DSL and cable rollouts, both on price 
and quality.and quality.

•• This raises important questions. How can broadband and This raises important questions. How can broadband and 
mobile operators build WiMAX into their business models mobile operators build WiMAX into their business models 
without cannibalizing existing revenues? Will it be safe to without cannibalizing existing revenues? Will it be safe to 
ignore the potential threat and hope the bubble will burst in ignore the potential threat and hope the bubble will burst in 
time? Or could this be an opportunity for them just waiting to time? Or could this be an opportunity for them just waiting to 
be exploited?be exploited?

•• (Source: www.3G.co.uk)(Source: www.3G.co.uk)
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Improvements on Ant Routing for  Sensor  NetworksImprovements on Ant Routing for  Sensor  Networks

Ying Zhang, Lukas D. Kuhn, and Markus P.J. Fromherz Ying Zhang, Lukas D. Kuhn, and Markus P.J. Fromherz 

In: In: Ants 2004, Int. Workshop on Ant Colony Ants 2004, Int. Workshop on Ant Colony 
Optimization and Swarm IntelligenceOptimization and Swarm Intelligence, Sept. 2004. , Sept. 2004. 
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AbstractAbstract
AdAd--hoc wireless sensor networks have been an active research hoc wireless sensor networks have been an active research 
topic for the last several years. Sensor networks are topic for the last several years. Sensor networks are 
distinguished from traditional networks by characteristics distinguished from traditional networks by characteristics 
such as deeply embedded routers, highly dynamic networks, such as deeply embedded routers, highly dynamic networks, 
resourceresource--constrained nodes, and unreliable and asymmetric constrained nodes, and unreliable and asymmetric 
links. Ant routing has shown good performance for links. Ant routing has shown good performance for 
communication networks; in this paper, we show why the communication networks; in this paper, we show why the 
existing antexisting ant--routing algorithms do not work well for sensor routing algorithms do not work well for sensor 
networks. Three new antnetworks. Three new ant--routing algorithms are proposed and routing algorithms are proposed and 
performance evaluations for these algorithms on a real performance evaluations for these algorithms on a real 
application are conducted on a routing simulator for sensor application are conducted on a routing simulator for sensor 
networks. networks. 
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•• AntAnt--routingrouting--algor ithm for  mobile multialgor ithm for  mobile multi --hop adhop ad--hoc hoc 
networksnetworks

•• Source: Network control and engineer ing for  Qos, secur ity Source: Network control and engineer ing for  Qos, secur ity 
and mobility and mobility Pages: 120 Pages: 120 -- 138138

•• Year of Publication:Year of Publication: 2003 2003 
•• ISBN:1ISBN:1--40204020--76167616--9 9 
•• Authors:Authors: Mesut GMesut Güünesnes Department of Computer Science, Department of Computer Science, 

Informatik IV, Communication and Distributed Systems, Informatik IV, Communication and Distributed Systems, 
Aachen University Aachen University Otto SpaniolOtto Spaniol Department of Computer Department of Computer 
Science, Informatik IV, Communication and Distributed Science, Informatik IV, Communication and Distributed 
Systems, Aachen University Systems, Aachen University 

•• Publisher : Publisher : Kluwer Academic Publishers Kluwer Academic Publishers Norwell, MA, USA Norwell, MA, USA 



The FutureThe Future

•• ABSTRACTABSTRACT
A mobile adA mobile ad--hoc network (MANET) is a collection of mobile nodes which hoc network (MANET) is a collection of mobile nodes which 
communicate over radio. These networks have an important advantacommunicate over radio. These networks have an important advantage, ge, 
they do not require any existing infrastructure or central adminthey do not require any existing infrastructure or central administration. istration. 
Therefore, mobile adTherefore, mobile ad--hoc networks are suitable for temporary hoc networks are suitable for temporary 
communication links. This flexibility, however, comes at a pricecommunication links. This flexibility, however, comes at a price: : 
communication is difficult to organize due to frequent topology communication is difficult to organize due to frequent topology changes. changes. 
The AntThe Ant--ColonyColony--Based Routing Algorithm (ARA) is highly adaptive, Based Routing Algorithm (ARA) is highly adaptive, 
efficient and scalable. It is based on ant algorithms which are efficient and scalable. It is based on ant algorithms which are a class of a class of 
swarm intelligence. Ant algorithms try to map the solution capabswarm intelligence. Ant algorithms try to map the solution capability of ant ility of ant 
colonies to mathematical and engineering problems. In this papercolonies to mathematical and engineering problems. In this paper we we 
present some extensions to the basic idea and show through simulpresent some extensions to the basic idea and show through simulation ation 
results the performance gain and compare it with AODV and DSR.results the performance gain and compare it with AODV and DSR.
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•• Analysis on Extended Ant Routing Algor ithms for  Network Routing Analysis on Extended Ant Routing Algor ithms for  Network Routing and and 
ManagementManagement

•• Source: The Journal of Supercomputing Source: The Journal of Supercomputing 
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ABSTRACTABSTRACT
Advances in mobile agent research have brought in a new Advances in mobile agent research have brought in a new 
method for network routing, ant routing. Recently, we have method for network routing, ant routing. Recently, we have 
derived some preliminary results regarding the agent derived some preliminary results regarding the agent 
population growth property and the jumping behavior for an population growth property and the jumping behavior for an 
ant routing algorithm. The focus was on the expected number ant routing algorithm. The focus was on the expected number 
of agents in a node. In practice, the number of agents of agents in a node. In practice, the number of agents 
propagating on each network channel is also critical as the propagating on each network channel is also critical as the 
network channel bandwidth is limited. In this paper, we first network channel bandwidth is limited. In this paper, we first 
propose two extended ant routing algorithms, and then propose two extended ant routing algorithms, and then 
provide an inprovide an in--depth analysis on the population growth depth analysis on the population growth 
behavior of the propagating agents for these algorithms, both behavior of the propagating agents for these algorithms, both 
at nodes (hosts) and on edges (channels) of the network.at nodes (hosts) and on edges (channels) of the network.



The FutureThe Future

•• During the last two decades British Telecom, aware of the During the last two decades British Telecom, aware of the 
necessity to modernize and improve phone service have necessity to modernize and improve phone service have 
reduced hardware used by 100 times while increasing network reduced hardware used by 100 times while increasing network 
capacity one hundredfold. They still need a smarter way. Who capacity one hundredfold. They still need a smarter way. Who 
are they going to call? Ants. That©s right. Ants. are they going to call? Ants. That©s right. Ants. 

.:

http://www.businessweek.com/1997/25/b353218.htm

http://news.bbc.co.uk/1/hi/sci/tech/51337.stm

.:

http://www.businessweek.com/1997/25/b353218.htm

http://news.bbc.co.uk/1/hi/sci/tech/51337.stm
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•• British Telecom came to the rather rapid conclusion that ants British Telecom came to the rather rapid conclusion that ants 
handle such problems better than humans. A disrupted ant handle such problems better than humans. A disrupted ant 
colony appears to have an amazing capacity to recolony appears to have an amazing capacity to re--align itself align itself 
and get back to the normal routine almost immediately. What and get back to the normal routine almost immediately. What 
do those ants know that we don©t?do those ants know that we don©t?

.:

http://www.businessweek.com/1997/25/b353218.htm

http://news.bbc.co.uk/1/hi/sci/tech/51337.stm

.:

http://www.businessweek.com/1997/25/b353218.htm

http://news.bbc.co.uk/1/hi/sci/tech/51337.stm



The FutureThe Future

•• BT estimates that the cost of overhauling its phone network BT estimates that the cost of overhauling its phone network 
the traditional waythe traditional way----rewriting software, replacing switches, rewriting software, replacing switches, 
swapping copper wires with higherswapping copper wires with higher--capacity optical fibercapacity optical fiber----
could top $46 billion. Spending $4 billion a year, it would takecould top $46 billion. Spending $4 billion a year, it would take
more than a decade to finish the job. And by then, the overhaul more than a decade to finish the job. And by then, the overhaul 
would be out of date.would be out of date.

.:

http://www.businessweek.com/1997/25/b353218.htm

http://news.bbc.co.uk/1/hi/sci/tech/51337.stm

.:

http://www.businessweek.com/1997/25/b353218.htm

http://news.bbc.co.uk/1/hi/sci/tech/51337.stm
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Routing In telecommunications Routing In telecommunications 
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AgentsAgents
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•• Chapter  4: Some applications of distr ibuted Chapter  4: Some applications of distr ibuted 
intelligence intelligence –– Ant Algor ithmsAnt Algor ithms
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Swarm IntelligenceSwarm Intelligence
(References/Direct Quotation Source: http://mute(References/Direct Quotation Source: http://mute--net.sourceforge.net/howAnts.shtml)net.sourceforge.net/howAnts.shtml)

Ants display collectively intelligent behavior Ants display collectively intelligent behavior 
when foraging for food or fighting off when foraging for food or fighting off 
predators. Each ant in the colony acts in a predators. Each ant in the colony acts in a 
rather simple way, but together they end up rather simple way, but together they end up 
doing something clever, like discovering the doing something clever, like discovering the 
shortest path between their ant hill and a food shortest path between their ant hill and a food 
source. source. 



Did You Know?Did You Know?

•• 8,800 known Ant species (Holldobler & 8,800 known Ant species (Holldobler & 
Wilson) Wilson) 

•• Combined weight more than the combined Combined weight more than the combined 
weight of all humansweight of all humans

•• Can carry up to 20 times their body weightCan carry up to 20 times their body weight
•• Work in teams to lift heavy objectsWork in teams to lift heavy objects
•• Brains largest amongst insectsBrains largest amongst insects
•• Same processing power as an Apple Mac IISame processing power as an Apple Mac II



Did You Know?Did You Know?

•• Ants brain 250,000 cells (Human brain 10 Ants brain 250,000 cells (Human brain 10 
billion cells)billion cells)

•• Average size oneAverage size one--millionth human sizemillionth human size

•• Send their senior citizens to war (Humans send Send their senior citizens to war (Humans send 
their young!) their young!) –– Edward WilsonEdward Wilson

•• Capable of finding shortest path to foodCapable of finding shortest path to food



How Ants Find FoodHow Ants Find Food

•• Many species of ants communicate with their Many species of ants communicate with their 
nestnest--mates using chemical scents known as mates using chemical scents known as 
pheromones. Pheromones can be used in many pheromones. Pheromones can be used in many 
ways by ants and other animals (including ways by ants and other animals (including 
humans), but we are most interested in how humans), but we are most interested in how 
ants use pheromones to direct each other ants use pheromones to direct each other 
through their environmentthrough their environment------this particular task this particular task 
is closely related to the problem of directing is closely related to the problem of directing 
the flow of information through a network the flow of information through a network 



How Ants Find FoodHow Ants Find Food

•• Consider a colony of ants that is searching for food. Casual Consider a colony of ants that is searching for food. Casual 
observation of an ant colony will reveal that ants often walk inobservation of an ant colony will reveal that ants often walk in
a straight line between their anthill and the food source. The a straight line between their anthill and the food source. The 
concept of an "army" of ants marching in file has permeated concept of an "army" of ants marching in file has permeated 
popular culture, and most people who live in antpopular culture, and most people who live in ant--friendly friendly 
locations (nearly every humanlocations (nearly every human--friendly place in the world) friendly place in the world) 
have seen this particular behavior firsthave seen this particular behavior first--hand. Marching in a hand. Marching in a 
straight line, which is usually the shortest route, seems like astraight line, which is usually the shortest route, seems like an n 
obvious solution to the problem of efficient food obvious solution to the problem of efficient food 
transportation, and we might pass it off as uninteresting.transportation, and we might pass it off as uninteresting.



How Ants Find FoodHow Ants Find Food

•• Suppose that an ant colony starts out with no information about Suppose that an ant colony starts out with no information about the location the location 
food in the environment. The human strategy in this case would bfood in the environment. The human strategy in this case would be to send e to send 
out a "search party" to comb the surrounding areaout a "search party" to comb the surrounding area------the scouts who find the scouts who find 
food can bring some back to the homefood can bring some back to the home--base and inform the others about base and inform the others about 
where the food is. Ants do search for food by walking randomly, where the food is. Ants do search for food by walking randomly, which is which is 
similar to the human "combing" approach, but two issues prevent similar to the human "combing" approach, but two issues prevent ants from ants from 
implementing a humanimplementing a human--style search party directly. First, how can an antstyle search party directly. First, how can an ant--
scout, upon discovering food, find its way back to the nest? Secscout, upon discovering food, find its way back to the nest? Second, even if ond, even if 
a scout makes it back to the nest, how can it inform the other aa scout makes it back to the nest, how can it inform the other ants about the nts about the 
food©s location? The answers lie in a clever use of pheromones. food©s location? The answers lie in a clever use of pheromones. 



How Ants Find FoodHow Ants Find Food

•• To solve the "finding home" problem, each ant leaves To solve the "finding home" problem, each ant leaves 
a trail of pheromone as it looks for food. In the a trail of pheromone as it looks for food. In the 
following example pictures, the pheromone trail left following example pictures, the pheromone trail left 
by each wandering ant is shown in transparent red. by each wandering ant is shown in transparent red. 



How Ants Find FoodHow Ants Find Food

•• When an ant finds food, it can follow its own pheromone trail baWhen an ant finds food, it can follow its own pheromone trail back to the nestck to the nest------this this 
is similar to leaving a trail of bread crumbs through the woods is similar to leaving a trail of bread crumbs through the woods to find your way to find your way 
back home. On the way back to the nest, the ant solves the "tellback home. On the way back to the nest, the ant solves the "tell ing others" problem ing others" problem 
by laying down more pheromone, creating a trail with an even strby laying down more pheromone, creating a trail with an even stronger scent. In the onger scent. In the 
following picture, ant following picture, ant AA reaches the food first and then follows its own trail back to reaches the food first and then follows its own trail back to 
the nest, while the other three ants keep wandering.the nest, while the other three ants keep wandering.



Routing Wisdom From AntsRouting Wisdom From Ants

•• When other ants run into a trail of pheromone, they give up theiWhen other ants run into a trail of pheromone, they give up their own r own 
search and start following the trail. In the following picture, search and start following the trail. In the following picture, ant ant DD discovers discovers 
the doublethe double--strength trail left by ant strength trail left by ant AA and starts to follow it. Ant and starts to follow it. Ant CC
encounters the singleencounters the single--strength trail left by strength trail left by DD and follows that trail, which and follows that trail, which 
will eventually lead to will eventually lead to AA©s trail as well. Ant ©s trail as well. Ant BB eventually discovers its own eventually discovers its own 
route to the food source that is completely disconnected from throute to the food source that is completely disconnected from the routed e routed 
used by used by AA. . 



Routing Wisdom From AntsRouting Wisdom From Ants

•• If a pheromone trail leads an ant back to the If a pheromone trail leads an ant back to the 
nest with empty jaws, it turns around and nest with empty jaws, it turns around and 
follows the trail in the opposite direction. Once follows the trail in the opposite direction. Once 
an ant reaches the food, it grabs a piece and an ant reaches the food, it grabs a piece and 
turns around, following the same trail back to turns around, following the same trail back to 
the nest. On the way back, an ant reinforces the nest. On the way back, an ant reinforces 
the trail by laying down more pheromone. the trail by laying down more pheromone. 



Routing Wisdom From AntsRouting Wisdom From Ants

•• In the following picture, ant In the following picture, ant CC joins joins AA©s trail but follows it the wrong ©s trail but follows it the wrong 
direction, reaching the nest emptydirection, reaching the nest empty--jawed. Ant jawed. Ant BB follows its own trail back follows its own trail back 
to the nestto the nest------it never comes in contact with the more direct trail that the it never comes in contact with the more direct trail that the 
other ants are using. other ants are using. AA and and DD carry food back to the nest along the carry food back to the nest along the 
established route. Once they reach the food, they grab a piece aestablished route. Once they reach the food, they grab a piece and turn nd turn 
around, following the same trail back to the nest. On the way baaround, following the same trail back to the nest. On the way back, they ck, they 
reinforce the trail by laying down more pheromone.reinforce the trail by laying down more pheromone.



Smart AntsSmart Ants

•• We have explained how ants find food in the first place, but We have explained how ants find food in the first place, but 
how do they find the shortest route to the food? One more how do they find the shortest route to the food? One more 
detail helps to answer this question: ants prefer to follow the detail helps to answer this question: ants prefer to follow the 
trails with the strongest pheromone scent. Shorter routes trails with the strongest pheromone scent. Shorter routes 
between the nest and the food are completed faster by each ant between the nest and the food are completed faster by each ant 
that takes them. For example, if ant that takes them. For example, if ant XX is traveling along a 10is traveling along a 10--
meter path to the food repeatedly, and ant meter path to the food repeatedly, and ant YY is traveling along is traveling along 
a different 20a different 20--meter path repeatedly, ant meter path repeatedly, ant XX will make twice as will make twice as 
many trips in an hour as ant many trips in an hour as ant YY. Thus, ant . Thus, ant XX will lay twice as will lay twice as 
much pheromone on its trail as ant much pheromone on its trail as ant YY. Given the choice, ants . Given the choice, ants 
will prefer the stronglywill prefer the strongly--scented 10scented 10--meter path over the more meter path over the more 
weaklyweakly--scented 20scented 20--meter path. meter path. 



Smart AntsSmart Ants

•• When When BB deposits food at the deposits food at the 
nest and sets out for another nest and sets out for another 
trip, it discovers the trip, it discovers the 
stronglystrongly--scented path used scented path used 
by the other ants and by the other ants and 
abandons its own path. At abandons its own path. At 
this point, all four ants are this point, all four ants are 
using the path discovered by using the path discovered by 
ant ant AA to carry food between to carry food between 
the source and the nest.the source and the nest.



AntAnt--based Routingbased Routing

•• The ant approach to routeThe ant approach to route--finding is quite different from the finding is quite different from the 
way humans navigate their environment. We would visually way humans navigate their environment. We would visually 
study the environment as a whole and try to "plan" the best study the environment as a whole and try to "plan" the best 
route ahead of time. Of course, the ant method has advantages route ahead of time. Of course, the ant method has advantages 
over our "high level" approach. For example, the ant method over our "high level" approach. For example, the ant method 
works fine in complete darkness. When it comes to navigating works fine in complete darkness. When it comes to navigating 
without visual cues, humans are comparatively helpless.without visual cues, humans are comparatively helpless.

The ant method can be distilled into simple rules followed by The ant method can be distilled into simple rules followed by 
each member of the colony:each member of the colony:



Simple Ant Routing RuleSimple Ant Routing Rule

follow trailfollow trail

lay more pheromonelay more pheromone
Carrying foodCarrying food

deposit fooddeposit food

turn aroundturn around
follow trail in opposite directionfollow trail in opposite direction

Reach home with foodReach home with food

pick up foodpick up food

turn aroundturn around
follow trail in opposite directionfollow trail in opposite direction

Reach foodReach food

turn aroundturn around

follow trail in opposite directionfollow trail in opposite direction
Reach home without foodReach home without food
on pheromone trailon pheromone trail

follow pheromone trail follow pheromone trail 

lay more pheromonelay more pheromone
Not carrying foodNot carrying food
on pheromone trailon pheromone trail

walk randomlywalk randomly

lay pheromonelay pheromone
Not carrying foodNot carrying food
not on pheromone trailnot on pheromone trail

ActionActionConditionCondition



Mobile AdMobile Ad--Hoc Networks Hoc Networks 
(MANETs)(MANETs)

Acknowledgment: Dr. Eric Graham of Lafe Technologies, from ProjeAcknowledgment: Dr. Eric Graham of Lafe Technologies, from Project Reports on MANETsct Reports on MANETs



Cutting Edge MANETs Cutting Edge MANETs 
-- Key IdeasKey Ideas

•• Do away with communication towersDo away with communication towers

•• Communication devices are transceiversCommunication devices are transceivers

•• Listen a lotListen a lot

•• Compute very littleCompute very little



MANETsMANETs

•• Algorithms must allow constructing and maintaining Algorithms must allow constructing and maintaining 
wireless communications network for a large number wireless communications network for a large number 
of mobile hosts in an environment subject to of mobile hosts in an environment subject to 
substantial and unpredictable changes.substantial and unpredictable changes.

•• MANETs currently solve this problem for small MANETs currently solve this problem for small 
numbers of nodes (100 to 1000) but with high levels numbers of nodes (100 to 1000) but with high levels 
of control traffic.  of control traffic.  

•• Ongoing R&D seeks to develop schemes that would Ongoing R&D seeks to develop schemes that would 
scale to larger networks of up to 100,000,000 nodes scale to larger networks of up to 100,000,000 nodes 
while reducing control traffic overhead.  while reducing control traffic overhead.  



MANETsMANETs

•• Proactive methods that maintain consistent and up to date Proactive methods that maintain consistent and up to date 
information for all destinations at each node are limited to useinformation for all destinations at each node are limited to use
on small networks, since routing table size increases in on small networks, since routing table size increases in 
proportion with the number of nodes.  proportion with the number of nodes.  

•• Reactive methods attempt to discover routes on demand in Reactive methods attempt to discover routes on demand in 
order to minimize the routing information. Nodes must use a order to minimize the routing information. Nodes must use a 
flood search mechanism in order to locate destination paths, so flood search mechanism in order to locate destination paths, so 
the ratio of control traffic to message traffic will grow with tthe ratio of control traffic to message traffic will grow with the he 
size of the network. size of the network. 

•• Leading MANET research efforts are employing swarm Leading MANET research efforts are employing swarm 
techniques to circumvent the problems of existing schemes techniques to circumvent the problems of existing schemes 
and provide network protocols that efficiently support large and provide network protocols that efficiently support large 
networks.networks.



Cutting Edge MANETsCutting Edge MANETs

•• If every node could receive packets sent by any other node, If every node could receive packets sent by any other node, 
then network protocol would consist of destination addressing then network protocol would consist of destination addressing 
and collision avoidance.  Ethernet is such a system.and collision avoidance.  Ethernet is such a system.

•• The cutting edge MANET system contains nodes that are The cutting edge MANET system contains nodes that are 
either sufficiently low powered or sufficiently far apart that either sufficiently low powered or sufficiently far apart that 
that not all nodes can communicate directly.  that not all nodes can communicate directly.  

•• Communication may be asymmetric:  Node A may be able to Communication may be asymmetric:  Node A may be able to 
receive node B, but not vicereceive node B, but not vice--versa.  Such communication is versa.  Such communication is 
termed unidirectional.  When direct communication is not termed unidirectional.  When direct communication is not 
possible, then the data must be relayed by means of other possible, then the data must be relayed by means of other 
nodes acting as routers.nodes acting as routers.



Cutting Edge MANETsCutting Edge MANETs

•• The goal of the network is to deliver a packet from one node to The goal of the network is to deliver a packet from one node to 
one or more other nodes with the least latency and the most one or more other nodes with the least latency and the most 
reliability.  The network supports both unicast and multicast reliability.  The network supports both unicast and multicast 
messagingmessaging

•• Reducing hop count minimizes latency.  This is achieved by Reducing hop count minimizes latency.  This is achieved by 
using the most direct route, if the nodes are aware of their using the most direct route, if the nodes are aware of their 
spatial location.  It can also be accomplished by employing spatial location.  It can also be accomplished by employing 
those routers with higher transmission power or higher antenna those routers with higher transmission power or higher antenna 
gain.  When a high powered node broadcasts on a particular gain.  When a high powered node broadcasts on a particular 
channel, then other pairs of low powered nodes on the same channel, then other pairs of low powered nodes on the same 
channel may be unable to communicated at the same time, channel may be unable to communicated at the same time, 
reducing the data capacity of the network.reducing the data capacity of the network.


