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0 EJ SCHONIAgNEN S
F8 Sienlay (Cinca 1843) investigated conduction of
SEleciicity through space.

Maxwell (eirca 1864), who followed Faraday’s
~ Work, published “ Dynamical Theory of the

- Electromagnetic Field”. His conclusion:
electricity, magnetism, and light are related.







Thnerlistory (Corni’ d)

o Meveywel ]! 51884 work wes Knowr erouncl the

worlcl, Cresied a1 |ob of exclternearit,

> T homrr\ Ecizon (circa 1e75), wrile working o

“acousiical T EJEJ 20ry” generaied

omcgre Csparrs frorm e vioraior
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Therliciory (Corit

David Hugrnes (circa 1879-1886),
Loncdorn borrn freelance inventor. He
cliscovered reclio wewves, Hewes

) clizcovered

]r rﬁorregtJ Y tolcl tret hen
such tning. He wes i
azndoned reclio work, |

courecied, He
Flewsasthnaefirst

(/1

|_

oerson to teke acall on armobile prone,

At 26 ne designied i eor]n"r]rj
telegraon, Like Edizon, neworked s a
cortrector for v /::Ee n Jniorl.
Developed the first true ricropnons,
anicl (i) (J*:p'—f cently) eirec

cllotransrritier,



Therlictory (Cont’ cl)

Professor Fleinricn rleriz of Bonn Gerrnerny (clrca
rel] e'(J/ orocluced arnd cJ&e tecl reclio waves,
Other]nve rs(aq., Tesla, Branly, Siuoolefied,
Jegeclis Gl Bose, Marc orn) regroducec ,JJrIa sl
Flertz’ s experimeriis and scvanced the oractica

—

e of

> Lars M. Ericsson and wife Hlilda (cirea 1910-)
worked oninefirst car ieleonore,



Therlictory (Cont’ cl)

The USradio Act (1912
aricl gave operzior licenses,
Moplle reclios were peing operaiecd Inthe 2 MFlz by
19271,

Trne Federal Reclio Cornrnizsion wes crezied 1n 1927
t0 oring orcler to reclio-relzied legel 2nd operat]orzl
crzos. FRC Decarmneine e Ier,J Cornrnunicail ons
Cornrnission (FCC) 11 193

> Tneflrst voice pesed rg.dJ O [1)
opereilonzl on Aprll 7, 1928,

eslgned specirurm olocks

o,'o] |2 systern werni



Therlictory (Cont’ cl)

> Bell Laooratories clairm
tnefirst moplle 2-weay
volce gaczed reclo

telepnone i 1924,
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fitlec “ Prione v
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ne rlictory (Cont’ cl)

Iry July 1945 ine FCC Cornrnissioner, 1n an eriicle
2 By Al coore of Wizt we now
ar systern, [t was called 2% <zl

Orn June 17, 1946 1n St Louls, Missour], ATET e
Soutnernwestern Bell intro I Lcecl the first Arnericar)
cornrmnercial rmoglle reclio-telepnone to privaie
CONSUIMErs,



The History (Corit

> In Decermnper 1947 (zi
Sell Laos) D, QJrJJ
(zesizied oy WL
Y oung) descrl O‘:d fe
6“ | JJ £l NEtWor JrJ“ﬂ 1)

—

onone-sgul pped cars
were aveallaol e,



I Jenuzry, U?CJ"[ le Bell J/wcm rrecle cornmerclel
cellular reclio .[ onel oy ernploying freguency
relsefor FrJQfJ
Frorm thie US Peient 3663
Arnos Jogl, Jr. of Bl reJ
Dec. 21, 1970)

’\ rrore efficient systern rrey be opteined by dividing 2
retropolitan center 1nto a nurrioer of <rrell serving arezas,
fJ'—r'—]ﬂf"f[Sf referred to as cell areas, eacn equipped witn Tow
power paseiransrritiers ancl recelvers”

(J\/I OBILE COMMUNICATION SYSTEM — Inveritor
norne Laooreiories, lssued/Filed Daies: May 16, 1972/

N

19



Thne First Flandneld Cellonone

On Octoper 17, 1973, Motorola
filed a peitent entitled Eeaclio
il ephone 5/5£e n.©it outlined
Motorole@ cellular reclio system
ancd was giver US Peterit Nurnper
3,906,166 whern 1t was grarntec] or)
Seoternper 16,1975, Inverntors or)
the petent were Martin Cooper,
Ficnard Dronsuth, r\Jorrr J
Mixulerd, Crizrles N Lyni,
Jarnes J, l\/IJ kulsid, Jonn F.
Mitchell, Roy A, Ricnzrdzon, arcl
Jonn Hl. Sangster, Tris carmne a
ez efter ine Bell Sysiern paient
Weais e00roved),
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rlow 2 Cellonone Works

1te res e pase Steilon wWiin 2

zecl 200 or 1900 rnegarneriz
trariscelver (transritier -+ recelver) aricl
ariiennz, Thnisraclo equiomernt provides
coversge for arn ereatnzi©usLzlly two to ter)
rrilesin racdius, Trne coverage ares size
clepends on such factors as topograory,

far
oopulziion, and treffic,

2 Ee cr) cell

CorfoL lierz

m
m
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rlow & Cellonone Worrs

Source:

VWhen you i or Your onone ine rooile switcn deterrmnines
wiiet cell will cairry the cell and essigns a vecearnt raclio (erIJfH
WJ i thie cel| to tele the conversaiion, 1t =gl ecis the cel| to

2rve you o % m:‘:i:,urlrg S JrJrJ strengtn, rnztching your rmopile
to thecel] et hes picred ug the strongest sigrzl. Me Elfie Jing
nancdoffs or nancdovers, et s, movm g fromcell tocell, is
erIJf” ecl ineclmilar ranner. The base stetlorn serving your call

sends e nand-of f request to the rmopile switcr after /OIJr syl
drooJ oelow anandover thresnolc, T ne cell slte rnares seversl
scans to confirrm inis and then switcnes your call to the nexi
cell. Yournay drivefifty miles, Uuze 8 rlmrrrmr ells and never
orice rezlizetrzt your call nes been transferred,



Dicl You r.

Sorne Wire



245 Nurnoer of New Yory custorners (1n 1976) wno
nezcl Bell Systern moolles,

’,/ 00: N'Y custorners onine weiting i,

L 000: Nurnoer of Bell AT&T US ool e
SLIOSCr Ders,

20,000: Nurnoer on weiting list thei lzsted 5-10 vears,

57 (earsitioor (frormtneinirocduction of rmoolle
omomz") for cellular tecrinology 1o e cornrmnercialized.



Evolution of Wir

Reference/Bibliograpny/Direct Quotation Sour ces
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> 0G refersio ore-cellpnone rmopile teleonory
tecrinology, sucr as raclio telepriones thet orrne
necl in cars before ne aclvent of cellpnones

> Orje suchn tecnnology 1s the Autorac JJOOIJheIm
(ARP) leuncred in 19771 1in Finland estne
couriry@first ouplic cornrmercial rmoplle onone

NetwWor.
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> 16 (or 1-G) s S
eleomome[a molog/ JchorJorJ@; These eu*ethe
anzloy cellpnone stanclards that were Inirocuced i)
ine 8C@and conilnued uritll peing reolaced py 26
cdigital cellpnones,

> Onecsucn stanclerd 1s NMT (Norcic Mogile
Telepnone), used in Nordic couriiries, Ezstern ELrope
ancl Fussia, Another 1s AMPS (ArJvrm;cJ Voplle
Prione Systerr) used inine United Siaies,



C

IS short for seconc-gerieraiion wireless
crinology. |t cmor norrrzl /"rrrfu e

S ernzll or software, other tran the dic JJ 2l
self, aricl other pesic arncillary daiz suc rJ rb
Nevertneless, SMS messeging Is 2

aveuJaoJe as aforrn of catatransrrizsion for < ome
stanclarcls

2G services are frequeriily referrec] 1o as Personzl
Cornrnunicetions Service or PCSintne Us,



C

&

2G tecnnologies can pe divided inio TDIVIA-pzsed

aricl COMA-pzeed starnclards depending onine type of

rultiolexddng usecd. Trie rnzir) 205 =tanczrds are:
GSM (TDMA-pz=ed), originally frorn Europe oL

Lizec worldwide

IDEN (TDIVIA-geeedl), proprigtary networs Lsed oy

Nexiel Inine United Steaies end Telus Mooility i1

Cenzcla

| =-156 ava D-ANMPS, (TDMA-Dzsed, cornrmonly

referred es simply TDMIA Intne US), used inine

ATrrerices



&

| =95 ava cdrmzOne, (CDMA-pazed, cornrmnorny Y
referred s sirmnply CODMA Inthe US), Lzed Intne
Arnerices end paris of Acla

PDC (TD Mr\ pesed), used exclusively in Japen
(5 <

| =S are avallaolein rmany couniries, Witnin)
the lest year 3G wes widdy availzole in rmany
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3G (or 3-G) Is cnort for tnir d-generatiorn
rnoplletelepnone iecrinology. The services
sssoclated witn 3G provide the aollity 1o
trarisier poir volc eda[e | (artelepnone call) and
nor-volice cziza (5 N as downlozcling
Iriforrneilon, excrenging ernzil, ancl instani
rriesseging).
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> 3G Isnow inetnird generailon of rmopile
onone systerns, They orovide poir & packei-
switcried anc acircuii-swiicned dornzin frorr
tne peginning. |t requires einew access
networy, cdifferent frorn inei zlrezcly availzol 2
i1 2G sysierms.

'I



VVWI-F

Reference/Bioliography/Direct Quotation Sources:  en.wikipedizuor g/wiki/WiF

> Wi-FI (or WI-T1, \/\/Jrl VWITT, wifl), snort for
"Wireless rljr y' IS acet of stancdards for
wireless o aJ £lresl netvvorks (WLAN)
currenily paced onthe |lEEE 802,110
:p:cm zijons, New <tancdards o~/omrl ine
S02.11 specificailons, sucrn as 802,16 are

CLIHQH"EIY]HF l2 WOrKs, they offer rrzany
ennarncerneriis, anywnere frorn longer range o
(Jresier transfer speeds,



VWI-F

> WI-Fl wes ritenclec] to pe used for wireless
clevices and LANS, out 15 now ofter) used for
Iriternet aiccess, 1T enanles e person wiir &
Wireless-enzaol e comowsr or personel digiizl
eisgl star)t to connect to tne Iriternst wnen In
Of

oroZmity of an eccess polrni called anotspot,

,,L



Acdvarizges of Wi-F

> Unlike pecret raclio systerns, Wi-FI uses Urlicerzed
reclio spectrurn anc cdoss not require regulziory

\J

aoorovel for indivicduzal Trnplerneriizilon.

> Allows LANs 10 oe deployed witnout caoling,
ooteriilal]y rec I mrg fne cosis of rietwork ceployrneni
S CENNot oe run,

(]/‘

ainicl exparnsion. Speces wriere can) e
Licr es ouicoor aress and riistorical oulldings, carn

—~

~

~
)

nost wireless LANs,



Acdvarizges of Wi-F

6

> Wi-FI producis are widely avallaole i i
rrervel, DIfferent prands of eccess polnis and
client nawvormnufa eS are riieroperanl e g 2
pesic level of service,

> Cornpetlilon arnongst vendors nas lowered
orices conslderanly lnce inelr incepilor).



Acdvarizges of Wi-F

> Mlany Wi-FI neiwores sUgoort roarming, 1Ir wrich e
rnoplle client stzilon sucr as alagiop (omourer Celr)
rmove frof omea Cess QoI to anotner esine Lser
rnoves around a ouilcling or arez

r

Various cegrees of encrypilon to protect treffic frorr
Iriiercepilor).

> Mlearny eccess polnis and networr inierfeces support



J

D]szclvarniages of Wi-F

Uze of tne 2.4 Grlz Wi-Fi pand does not require allicernze in
rmost of the world provided izt one stays pelow the 100rmvVeit
[irnit aricl one accepts interference frorm oiner; including
Iriierference wrich calses your cevicesto no longer function,

Legislation is not consistent worlcwide; rost of Europe ellows

for an additionzl 2 cniannels, Japan nas one rmore on top of thet

- and sorne courniries, like Spain, pronipit use of ine lower-
nurnoered criznnel s, Furtnerrmore sorne couriiries, sucn as lialy,
require a@eneral auinorization@or any WiF used ouisicdeine
owned prermizes; or requ

I
rec|uire sornetning aiin to ain operstor
registraiion,



szclvaniages of YWIi-F

Tne 802,110 and 802,10 flevors of Wi-Fi uzetne 2.4 Gz
SpecirUrn, wnicn is crowdec witn oiner devices <t
L] o

I

Blusiooin, rmicroweaye ovens, cordless pnones (900 Mz or
5 Qru gfe rmrrérore sJ [:ff]sl[l ve omorw rr~ LIET c] £S Orle Car)

cmomg [r1en) / omcu Tris ey gcl_use 2l f]rUch]rlFl Of) 1)
perforrnance, Otner devices whicn use rmicrovweave fregueric
such es certeain tyoes of cell priones car a2l <o calse degraclziiorn
I p:”@ffflcfb_,

Fower consurngilon isairly nign cornpared to otner
stanclarcls, rewing peattery life and nezt 2 concerr),

3



D]szclvarniages of Wi-F

The rmost cornrmon wireless ericr /orJ Of) :[:fjdewd, Wired

=Ll valent Privec Cy or VWEP P, Nnes peern snown to be ezsily
oreskanl e even when correci y configurecl. Although newer
wireless products are slowly oroviding support for tne Wi-Fi
Erotecier] Acoess (WPA) orotocol, e y oltler zccess QoIS
will nave to ne replaced to support 1t Trne acdogiion of the
c0Z.11) (awel WA 2) <t 2 el In Jurie 2004 rnakes aveilzble o
reltner petter security schermne for fuilire use — when properly
configurec. Inthe mecfmme, [rzny enterprizes naye e to
deploy edditionzl layers of encryption (,ur nesVHENs) to
protect ageainst interception,



D]<szclvariages of Wi-F

WI-FI neiwores nave limiied renge, A tyolcel
Wi-F riorme router Lsing 802,110 or 802.11g
rignt neve atrenge of 150 71 (46 ) Incoors
aricl 300 1t (92 rn) ouicdoors, BUt apout 10 USS
aricl an nour of oullding will get you ar
rIiEnnzL tnel car go rnuch fUriner,

Rogue eccess points could pe used to ste
Iriforrnetion transrnitied frorn Wi-Fl users,

|

Q)

U’



Reference/Bibliography/Direct Quotation Sources:  encycl.opentopia.corn/term/
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Flign-Speed Downling Packet Access or FISDPA Is armopile
ﬂclcpmom/ orotocol. Also called 3.5G (or '“’"/F“) Flign Soeed

ovvnllrm Paciel Access (rJJJHr\) IS 2l pecKet-nased caial

ervice in W-CDMA downling witn clai 5_ transrrission Up to o-
IO WIit/s (znd 20 WInit/s for WIMIO systerns) over 2 J]\/I 1z
pancwictn in WCDMA dowrlink, FISDRPA Tmolermnentations
Inclucles Adapiive loduletion and Coding (r\l\/l C), Multiple
Inout Multiple-Outout (IMIMO), Flyorid Autornzaiic Regjuest
(rJr\ F0)), Test cell searen, end advanced recelver desigr,
FISDPA 15 beginning to reacn ceploy /m@r steius in North
Arnericel Cirl L llar nezss ennoL ng:d tret they will begin to
cdeploy UMTS with exgansion to FISDPA 1n 2005,

O
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In Sl generat] on pertrersnip project (SGPP)

stanclards, Relesse 4 spec ]fJQEiFJ ONS Orovic Ie effm]e I
| P support chLOJJrJU orovision of services inrougr e
2l1-1P core network and Pl 66585 oeciflceilons focus

on FISDPA 10 provicde daizireies Up to anorodmeiely
|D MOIT/S 10 SUODOrt packet- JEE}CI Tl rnecia

SErVIces, l\/JJJ\/lOJ/,,srrJ; aretne work 1ierm in Relezce
6 specificetions, wricn will support even nigher iz
transrnission retes Up to 20 MBits HSDPA 15
cyolved frorm erid beckyerd cornpetlole wiin Relezse
99 WCDMA systerns,
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Feference/Bibliograpny/Direct Quotaiion Sources:  encycl.opentopizLcorm/ierm/



HJchepeeJ JJOJJAWJ eles
cletariransrnission speed, of i
rezgritude es alocel areane
Molts/s ancl Up). 1T nas peer)

LAN tecnnologies e Wi-
potertial slccessors of inec

;:J conone starclards,

HOJOJ/

clezs
CC..)..

2CCESS W 2 VErY nigrn

LIS rJ ro rl,,JrJ e verrl TS
1, eswell a5 other
Urrent 3G ool e



Ferveasive networes, A armoronous and preseriily
enilrely nyootnetical conceptl wriereire User car o
sirnultaneolsly Conrect tecl to several wireless ecce
tecnnologles end carn ez essJ Y fnove petweer i)
These eccess tecnnologles can b Wi-F, U FS,
EDGE or 2 21y O 'rrrm[ur o Er0ess TeC rmoJoJ/,
Inclucled inthis concept 15 2l=o zrmzrt-reclio
tecnnol og v 1o efficierntly m,nc,ges e rmm Lise anc
transzrrizsion power as well esthne Lse of rnesn rouiing
orotoc 0I5 1o Crezie 2 DErvesive networr.

/



Wireless Iniieroperanllity for Wireless
Access (Wi-IMew)

Source: nttp:/fwirnesed.corn/

> WiMzw (802.18) Istne nest generstion of WiFl, or Wireless
networking technology thet will connect you t0 the | riternet zi
fester speeds and frorn ruch longer ranges thern current
tecr)

wireless tecnnology allows,

> WiMzu Promizes up to 30 mile range without wires (cf
treclitionzl Wi-Fi vvrnrm Is lirrited to 150 1),

> Broadpand (theoretically up to 75 Mops) speeds witnolt caole
or T

> Handles"lest mile’ aeccess in rermote aress,
> Licensing ancl equiprnernt cue during 2005,

> Afforceble tecnnology (Stancerd Operates in the 10-66
frequency range).

r
>
r
>

/W
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Poteritial WM ey Uszaca



Dicl Y ou ¥now?

> TrnieUSrnarket for proacoanc wireless aeccess
services pased or) tecnnologies sucr es
WIMALL will oewortn US$3.7 billion by 2009
(Mornica Paolin 1n*Wirl, WIMAL and
002.20: Tre Disruptive Fotenilal of Wireess
Brozcloancd WIMA LY ).




WiM e Irnpact Or Telecorn Services
BLISINess

> T expectaiions eooll the potental of WIMAL are e, the
cornoinetion of Wi-F, WIM AL 2l 802,20 will heye nuge
Irpact ontne provis S0 Iy of rozclozncl services and the
ovrrrJJ pusiness rmocdel of service orovi rlrrJ [t will cornpeie

eeicl-on witn current DSL and agl,olerollours 0otn on orice

chd cjuzlity.

> Trisraizesimportarnt uestions. How carn orozclparnc anc
rmopile oprrsuob oullc WIMA Into tnelr pusiness moclel s
Witnout canriozlizinc g existing revenues? Will 1t pe szfeto
Ignore tne potentizl rrJro:u ancl nope tne puoble will ourst in
tirne? Or could tris pe an opportunity for thern just waiting to
pe exololited?

Solrce Www. 3G, co.uk)
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| rmorovernents or Ant Routing for Sensor Networ s
(ing Zneng, Lukeas D, ¢ unn, and Markus 2.J. Frormnerz

I Ars zOD-r, It Worksnop or Ant Colorly
Opilrrization ancl Swarrn I nielligence, Sept. 2004,
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Apsiract
Ac-noc Wireless sensor networ s nelve Oeen &) elctl ve resesar cr

topic for inelas £se erel yesrs, SEnsor Networis are
cistinguisned frormtraclitional networks oy criaracieristics
such as cegpl /rrr veclded rodters, nignly dynarric networ s,

resour ce-consirained r JrI;;, ancl unreliziole and asyrmrretric
linis, At routing fgis nowr) JOOfI oerforrrance for

COrIMILINT CEEl Or) NEtWor ks, 111 inis paiper, we Snow Wiy ire
e/<iing ani-routing algoritnrrs o ot work well for sernsor
networ ks, Three new ani-rouiing alc Jor]"r'mrrp ar e proposed and
perforrranice eval Uzations for these aelgoriinems orn a real
applmclu or are conductec] on e routing sirrulator for sensor
NetwWorKs,
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Ant-routing-algoriinm for rnopile multi-nop aicd-noc

networ ks

Source: Networ i control and engineering for Qos,

anc rnopllity Pages: 120 - 138

' ear of PuUoliceation: 2003

| SBN:1-4020-76168-9

Authors Mesut Glnes Deparirnent of Cornouier Sclernce,

Inforrrziiic 1V, Qommurn Caltl o) ~de Distributed 5, yELerns,

A,‘_Jmen Universii / Otto Speniol Depzrirnent of Cornpu
10U

—

)
5

Sclence, Inforrmetllc 1Y, Cornrnuri cetlor anc Distr E':I
Systerns, Azcnien Uriversity
Puplizner: luwer Aceclernic Puolizners Norwell, MA, USE

U1
()
0
:
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> ABSTRACT
A rr;omle‘ad!mor networ ke (MANET) Is at collection of rropile nocles wricr)
corrirruni catte over raclio. Tnese networ ks nave an irnpor tant gl_dvﬁmrru e,
tney do ot require 2wy edsting infrastruciLre or cer) itral acrinistration,
Trerefore, rropll e acknoc networ s ar e suitanle for ternporayr /

corrrrunicetion lings, Trisflednility, nowever, corres it 21 pric
corrrrirication 1s cifficult to organize due to fre CJLert rogol JJ/ 'ra ryes,
Tne Ant-Colony-Beaised Routing Algoritnn (£ %A) JJfJJJf]/cLCJrIO Ve,
efficlent and scalable |t is pased on ant algoritnms wrich are 2 class of
'\/\/?lrffJJrJHIJJ# ice. Anit el gorithrrs rr/ to rrap the solution capaollity of ant
coloniesto rretnerretical zncd enginesring | oroblerrs, I this Q20 We

present sorre extens Siors to the basi ¢ ides arid <how throu glg Vs rrulation
resUlts the perforrraince gain ancd corrpare it witn AODY anc DR
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Analysison Extended Ant Routing Algoritnmsfor Networ i Routing aricl
M anagernent

Source: Trne Journal of Supercornouting
Volurne 24 =L 23 (Marcn 2003) Pages: 327 - 240
Y ear of PUC JJ cetlor: 2003 | SSN:0920-8547
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ABSTRACT

Advarices In rropll e 2igernt resear o rzve or ougrit 1r 2L sy
rretnod for networ i routing, el routing. Fecenily, we nave
derived sorre prelirminary results regarcing the agent

oopLUl et orn grovvrm oroperty and the JLrmping penzawvior for i)
ant routing aelgoritnrr. The focus was on the expected nurroer
of agentsin anoce, In practice, the nurr orr of agents
oroorg,l_u rg orl ezich retwor i criarnel 1s alzo critical asin)
networy cniznnel pancdwiclin is lirritec, Jm mp oziper, we first
oropose two exiencled arit routing algoritnrrs, ancd trern
orovicde ain in-cepthn anel yzis on the popul it or) grovv'rh
penzvior of trie propagating agenis for these alc JOHF(JH'\ 0ot
aif nocles (moqd) andl on ede es (criannels) of tne networ k.
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> During trelzst two cececles Britisn Telecorn, ewvare of the
necessity to rmodernize end irmnprove orone service riave
f:dll el nercwere used py 100 tirres while ineress e () NEtWore
pzcity one nuncrecfold, Ti fey < EJH need a srnzrter way, YWno
tney going to call? Anis, Tnet@rignt, Anis,
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http://www.businessweek.com/1997/25/b353218.htm

http://news.bbc.co.uk/1/hi/sci/tech/51337.stm
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Britizn Telecorr ¢ "HJEE ne reiner rapic conclusion tnet aint
nariclle stcn proolermns o e£er Erizir) humrm A cligrupied ant

colony apoears to rave arn e ez Ny capacity to re-align Jiself
ancl get peck to the norrmel routine ngrJo,mrJrn:cIJgusl v, Wiz
clo those ants krow et we de(J

U2

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

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




T estirnzies tnet ine cost of overnzuling 1is pnorie retwory
letraclitionzl we /~~r~wr1 rmg OIFWJd, replecing JNJ[Q(J::,
SWEIRDINC CORpEr Wires with rigner-capecity opticel floer--
coult) top CA5 billion, prmrhrg Z;’L billion & YEEY, 1T would taice
rmoreiran a cecade to finizn ine jon. Anc oy iner, ine overrizdl

woulcd pe out of clate,

‘:— a2

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

http://news.bbc.co.uk/1/hi/sci/tech/51337.stm
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Multicast routing pased on ant aldoriinem for
cdelay-nounded and load-palancing iraffic

LU Guoying, Liu Zerrirn, Znou Zrierng , Scrl. of
| ECOrTIrmnLry. EFJJ Beljing Univ, of Posts &
elecornrmurl, Crina
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Fouting lntelecommunications
Netywor ks witn * Srert” Arni-llke

A gernts
—\Lzlily
Eric Boraoeal, Florin Flenzi, sylvian Guerin,

Dorninicle Snyers, Pescale ¥ Uniz, Guy Therall ez
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Ant Colonilestor Adapilve
Foutling in Pacrei-swiicried
Cornrnunications Networ ks

Glann DI caro and Merco Dorlgo
FIDIA—Universiie Liore de Bruxelles -
Belgirr)
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> Chapter 4: Sormne applications of distrioutec
intelllgence— Ant Algoritnms

In Artificial Life

Prof. Dr. Rolf
Pfeifer

Hanspeter Kunz
Marion M. Weber

Institut far
Informatik

der Universitat
Zurich

24. Oktober 2000
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swarrn Inielligence

(References/Direct Quotation Source: nttp://rmute-net.cour cefor genet/nowAnts.cntml)

Ariis dizplay colleciively Intelligent benzvior
wrien foraging for food or figriing off
orecletors, Each anii inine colony ecisin a
reiner <l molevvrl/ oL togeiner tney end up
cdoing sornetning clever, lixe discovering ine
snortest pein petweer thelr eni rill and e food
ource,

(N



Dicl Y ou ¥now?

2 5,800 rnown Ant zpecies (Folldopler &
\/\/Hgom)

> Cornolned welgri rnore thar the cornolnec
welgnt of 2l] nurnans

> Carn carry Up to 20 tirmes thelr pocly welgri

> Work initearms to 7t | mecrv/ 0D ECis

> Brainslargest arnongst Insecis

> ZErre processing power asan Aoole Meac ||

/



Dicl Y ou ¥now?

J

Ariis prain 250,000 cells (Flurnan orein 10
olllion cells)
Average size one-rnillioriin nurnar) <ize

clilzensto war (Flurnzr)

el Wilzor)

noriest peirn to food

~ o,
~ ~
2 2T

ricl



Flow Anis Fnd Food

2 J\/Jrﬂ/ O£CIeS Of arits corrirnurnl cate wWitn inelr
r1esi- J’f]rlr £S5 LIElf IC] criermnical Scerts Known s

ONerormones, Prigrormones carn ge Used in rreany
wWelys oy ariis and otner enirmeals (Inclucl) g
MILIFMENS), UL we gre rost Irierest e cl 1 now
2rIiS LISe Orerormnones to direct ezcrn oir

r other
througn tnelr rrJ\/lrOmerfJP“['ﬂJSJOEIIE Ul 2y
15 closely relaied toine proolern of ¢
tneflow of inforretion inrougn 2 1)



Flow Arnis Fincd Food

> CoriEider aicolony of antstnei 1s searchin JIOF food. Ceslz
opservetion of an arit colony will reveal inet anis ofter) weal i i)
astraignt line oetween tnelr aninill and | heroorl source, Tre
concept of an “arrny” of ents rmarcring in file nas gerrnesied
oopular culture, end rmost people wno livein ani-friendly
Jogcl.u Or1S (f]dc_rl v every nurmer-friencly oleceint evvorl cl)
newve seen this particular penavior first-nancl. Marcning in a
straigrit line, wrich J_)lL,LlrJ]/ tne snoriest rouie, seamslive arn
OoVIous solution to tne proolern of efficient rood
transportztior, and we rmigrt pass it off as uninteresting.



Flow Anis Fnd Food

[ 2] rIFfOJOf/SEIS oLt wWith no inforrnztion aooLt tre loceation

> Suppose triet os
re enviror IrfIEr. Thenurnar strategy in this caze wolld peto <end

food | Int

oLt 21" seeren party” 1o romo r'reerrOIJrJ(JJrJrf~r~~rrw couts whno find
food can oring sorne beck to the normne-pese and inforrmn the others apout
Wriere tr ef orJJJ r\rb rJJ ezrch for food | Dy weling rencornly, wrich is

sirnilar to the nurmzn " cornping” epprosch, HLt vaonsu:D orevert ants frorr)

Jrr plsrr enting e nurnzr-ctyle sezrch perty direcily y. J—Jf,,, oY Car) 2 2iri-

‘ ol It, upon dis ovrrm ¢ food, find itsway pack to the riest? Second, ever if
OLIL frieies It back to the nest, now can it inforrn the other ants sbodt the

wod@brrm orl? rrea swerslieln aclever use of pnerornones,

~



Flow Arnis Fincd Food

> Tozolvetne"fincding norng” proolern, ezch
airal]l of pneromone es it loogsTor food, 111
following exarnple piciures, the pneromone trail |eft
0y ezcr warndering ant s s'ruvvm Ir)irenspearernt red,
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Flow Anis Fnd Food

> When an arni finds food, 1t can follow 1ts own pherormone trail peci (o the nesi---inis
15 Jrrnlrf to leaving a trzil or oreec] crurnos throgr) rmevvojm to finc your way
pzck norne, Or) rrwvvrn/ pecr to the nest, the 2nt solvesthe "telling others” proplerr
oy I elying clowrn rnore omrromorw, crezfing e trail with ) SvEr Sirorn Cer scenit, Inthe
following picture, ari A resches 'r? ood first and then follows 1ts own trail Dack to
RUNIAN

thefo
the e, While the other three an ceen warcdering.



Fouiing Wisclorn Frorm Arnis

sruninto atreil of pnerornone, they give up their owr)
ollovvJ ng thetrail, Inthefollowing picture, ant D discovers
tr treil Jeft | Dy it F A e starts to follow 1t Ant C

JJ strengin treil left oy Dzl IOHJ\]\/J thet treil, wnicr
J clto F\Q treil as well, Ant B eventuzelly dizcovers its own
Ie'to 'Ehe'food sourcetrzt s cornpletel y (JJ,corJre tecl frorn the routed

—in



Foutlng Wiscorn Frorr Ars

> T avgnerormone trall lezsdls en arit pack 1o ine
nest Witn ernpty Jews, 1t turmns erouncd ind
follows tnetrall inine opposiie directior). Orice
2}t rescnes ine food, 11 greos e plece and
turns erouncd, Tollowing ine sarme trail pack 1o
tne rniest. Orl the wely Dacy, e ant relnforces
tnetrall py laying dowr rmore orerornorne.



Foutlng Wis

> nr efollovv]r;] cture, ant C joins A
) r VEL

rIJre tor, rezching the nes

clorn Frorn Anis

trai] put follows it the wrong

[
Ernpty-|ewvedl. At 2 followsits owr) rreJ Dz

[
to tre nest---It NevVer cornes In cortact witr J rrerr ore cJJr uml nei he

other ants are L) ngd Aaric
estailizned ro
arouncl er OWir i ¢ tre <arr)

reinforcetnetrall by layin

Ute, Oncetriay reem;h "rm@'rooc 1
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Srnert Anis

> We nave explained now aris find food in thefirst place, out
now cotney findine snortest rouie to tne food? One rmore
cletzi] nelps to answer tnis guestion: ants prefer to follow ine
treils wi r'n tne stron J,,, Orerornone scerll, Snorter rouies
petweer) ire riest anc tne food are cornpl eted faster oy eachn ari

trizil teies tniern. For exarnole, It ant L isiraveling aong a |O~
rneter peihn to tne food rroerirrrll v, and ant isitraveling along

-

acdifferent 20-rneter peirn repeziedly, ant L will meretwice as
Imerly trigsinen nour asani 7. Thus, ant < will lay twice as
fricr oheromorw or ltstreil asant . Glvern the choice, anis
will orefer tne strongly-scenied LO-rrigter pein over ine rmore
vveqd /~\ge ritecl 20-rneter peih

/



C v VT e
SIneri Anis
2 \/\/hen rlrowuroorle 'me

strongly-scented pein tsed
oV e oiner ants aind
apanclons 1ts owr peain, At
tnis point, el four anis are
Liging tne pein discovered oy
ant Ato carry food petweer)
tne source aricl ine nest.



Arit-paced FRouiing

> Theent epprozch to route-finding I1s uite cifferent frorm the
VWE /'ru I2NS revigeie inelr environrment., YWe wolll rl VisUzl JI Y
stuch /£ le environemnent s avwnole and try to " olan” o
route z 2 cl of tirne. OF course, tne ant mamorl Mes &
over our "nign level” aoorozcr. For exarnole, ine ant rneirnoc
worrsfineinc omol eie rlrmr less, When it cornes to navigeating
WItnout visuzl clUes, nurmzans are cornpzaretively fJ:J oless,

Theant reinoc can e diiilled Into simple rules followed oy
22lCr rnernoer of the colony:



Sirnole At Foutlng Fule

Conidition Action

Mot carrying food welk ranclornly

not orl prierornone treail lzy phierormone

Mot carrying food follow prierornone treail

Or1 prigrormnorie treil |21y rriore pherormorne

Fezcn norne witnout food turn arouncl

orl prierornorie treil follow trzil in opposite direction
Fezcn food olck up food

turn arouncl

follow trail 1n opposite direction
Carrying food follow treil

l2iy rrore pherornorne
Fezcn horne witn food cleposit food

turr erounc

follow trail In opposite direction



Moolle Ad-rFloc Networks
(IMANETS)

Acknowledgrnent: Dr, Eric Granarn of Lafe Techinologies, frorm Project Reports on MANETS



> Do ewveay WILT cornrmurni catlor towers
> Cornrnunicetlorn cavices are transcel vears
> Llzten alot

> CornpLlie very little



MANETS

> Algoritnrns rnust allow construciing end rnzinieining
WIireless cornmuni catl ons networy for e lzrge riurmoer
of rnogile nosisin an environmerit SUgject to
supsianiial end unpredicizol e criarnges.

> MIANETSs currenily solvetnis proolern for <zl
nurnpers of noces (1100 to 1000) out witn nign levels
of cornirol iraffic,

> Ongoing R& D seeksio develop scriermes thet woul d
sceletolarger networis of up to 100,000,000 nodes
while reducing cornirol treffic overnezdl.



MANETS

J

FProzctlve methods trizt rreintain consisten
Inforrnetion for ell destinztions et ezch rud
orl srnzl] networks, since routing taole sizeir Lf&‘cE&S]ﬂ
Oroportior wWitr) "rhe riLrnoer of noces,

Feaciive rneinods etternpt to discover rouies on dernarcl in)
orcler to rinirmize the routing inforrnztion. Nocdes must use a
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» D
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(SR
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flood searcr rmecnanizsm In order to loce e clestinztion peins, <o
theratio of control treffic to rmessage treffic will grow with the

'\

slze Of the networ,

Leacling MANET reseerch efforts are ernploying SV
tecrniniclues to circurnvert the proolerms of exisiing scnermess
2r) Il provicdle network grotoco o5 tht efficiently support large
networks,
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ir1g Edge MANETS

IT every noclz could recelve paciets sent by any ofher rocle,
tnen network grotocol wol Idl consist of destinztion 2 rlrlresamg
and collizion avoidance, Eternet 15 such 21 Sy Ster,

Th flec utting edge MANET systern coniains noces izt are
elther sufficiently low powered or sufficiently far apert thet

tnzi not all nodes can cornrmunicaie directly.

Cornrnunication rnzy oe s It iric: Node A ey pezileto
rec er~ nocle B, out not vice-verse, SUCH cornrmunicailon 1s
terrniecl unicirectonzl, Whien direct cornrmurnication s not
possinle, then the deta rnust pe relayed by rmeans of oirer
nodes zc ting as rouiers,



Trnegoal of the network 1sto dellver a packet frorm one noce to
Orle of frore oiner noces witn tne |ezst Ja ericy e the Most
relizoility, Tnenetwork sUupports ootn unicest ancl rultic
rresseging
Fecucing rop cournt rminirnizes leiency. Trisis echni e\/ed 0y
Lsing tne rmost direct route, I tne nodes are awvare of thelr
speitial locetion. 1t can zlso oe accornplizned oy ermnploying
those routers Witn nigner trensrrission power or nigner entennz
gein. When anign powered node prozdceasts o a particular
criannel, trien oiner pairs of low powered nodes on ine sarmne
criannel rmeay e Unale to cornmuni cated zi tne sarmne time,
&rll Icing tne catza cagecity of the network,



