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The The 
Web as Web as 

Most Most 
People People 
See It!See It!
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“A user does not “A user does not 
understand what is understand what is 
happenin g behind happenin g behind 
the com puter the com puter 
screen….”screen….”

“…The future is in “…The future is in 
the the art of makin g it art of makin g it 
disa ppeardisa ppear””

GeorgeGeorge Vrandenbur gVrandenbur g III, III, 
SVP AOLSVP AOL

September, 1999September, 1999
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The Culture of the WebThe Culture of the Web
•• My early desi gn philosoph y:My early desi gn philosoph y:

•• Every router shares in controllin g the networkEvery router shares in controllin g the network

•• ARPA’s ARPA’s philosoph y:philosoph y:
•• Give good researchers freedom and fundin gGive good researchers freedom and fundin g

•• Research leaders passed this philosoph y on:Research leaders passed this philosoph y on:
•• Give graduate students freedom and fundin gGive graduate students freedom and fundin g

•• Graduate students passed this philosoph y on:Graduate students passed this philosoph y on:
•• Share ideas amon g yourselves and all other usersShare ideas amon g yourselves and all other users

•• Millions of Internet users now contribute theirMillions of Internet users now contribute their
ideas and creativit y to make the Internet the ideas and creativit y to make the Internet the 
major force it is toda y.   major force it is toda y.   

•• Open, shared, no one controls it, no one can Open, shared, no one controls it, no one can 
shut it off, communities of interestshut it off, communities of interest
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How Bi g is the Web?How Bi g is the Web?

•• 1 billion web pa ges1 billion web pa ges
•• 300 million users worldwide 300 million users worldwide 

•• 2/3 of Americans (over 12) used Internet in past year2/3 of Americans (over 12) used Internet in past year
•• 1/3 of Americans (over 12) go online dail y1/3 of Americans (over 12) go online dail y

•• Years to reach 50 million people:Years to reach 50 million people:
•• RadioRadio 3838
•• TVTV 1313
•• CableCable 1010
•• Internet (commercial)Internet (commercial) 55
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Stron gly 
Connected

Avera ge distance between web pages is 16
If links were not directional, the distance is 7

That is, 7 de grees of “se paration”

The Structure of the WebThe Structure of the Web
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Strongly 
Connected 

Core

28%

Out

21%

In

21%

“Introverts”“Newbies”

The Structure of the WebThe Structure of the Web
But … Is This Reall y But … Is This Reall y 

??
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Strongly 
Connected 

Core

28%

Out

21%

In

21%

Tubes

Disconnected components
8%

Tendrils
21%

The Bow Tie Structure of the WebThe Bow Tie Structure of the Web
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The Evolution of the InternetThe Evolution of the Internet

Principles of DataPrinciples of Data
NetworkingNetworking

A wastelandA wasteland A handful of pioneersA handful of pioneers

Packet Switching Packet Switching 
at 50 Kbpsat 50 Kbps

Weak access viaWeak access via
the NCP Protocolthe NCP Protocol

Computer ScientistsComputer Scientists

Public networks Public networks 
struggle to survivestruggle to survive

InternetworkingInternetworking
problems apparentproblems apparent

Email dominatesEmail dominates
user applicationsuser applications

Mbps networksMbps networks
(WAN & LAN):(WAN & LAN):

last mile inadequatelast mile inadequate

TCP/IP widelyTCP/IP widely
deployeddeployed

Science communityScience community
plus a handful ofplus a handful of
commercial userscommercial users

The Early PeriodThe Early Period
19591959--19691969

The Birth PeriodThe Birth Period
19691969--19721972

The Middle YearsThe Middle Years
19721972--19801980

InternetworkingInternetworking
19801980--19901990

ExplosionExplosion
19901990--20002000

GbpsGbps networks networks 
(WAN & LAN)(WAN & LAN)

Nomadicity addsNomadicity adds
tremendous tremendous 

complexity to complexity to 
accessaccess

Commercial andCommercial and
consumer userconsumer user

populationpopulation

Period Technolo gy Access User Community

PbpsPbps networks. networks. 
Wireless pervasiveWireless pervasive
Last mile deployedLast mile deployed

(always on )(always on)

NomadicityNomadicity
deployeddeployed

Nomads andNomads and
Smart DevicesSmart Devices

FutureFuture
20002000--
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The Vision Has Three The Vision Has Three 
PhasesPhases

1.1. Advanced Network Technolo gyAdvanced Network Technolo gy
Gigabit/sec andGigabit/sec and PetabitPetabit /sec networks/sec networks
Wireless ever ywhereWireless ever ywhere
Broadband access networksBroadband access networks

2.2. Nomadic Com putin gNomadic Com putin g
Travellin gTravellin g from your office to another from your office to another 
location and still havin g access to your full location and still havin g access to your full 
set of Internet resourcesset of Internet resources

3.3. Smart S pacesSmart S paces
Movin g the Internet into your ph ysical Movin g the Internet into your ph ysical 
worldworld



Phase 1:Phase 1:
Advanced Network Technolo gyAdvanced Network Technolo gy

••Gigabits, Gigabits, Petabits Petabits & Latenc y& Latenc y
••Wireless AccessWireless Access
••Broadband access networksBroadband access networks

 Leonard Kleinrock 2000
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Just how fast is a gigabit?Just how fast is a gigabit?
Fast!Fast!

••But  ...But  ... the s peed the s peed 
of li ght isn’t!of li ght isn’t!
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from Kilobitsfrom Kilobits

to Megabitsto Megabits

toto Gigabits!Gigabits!
Evolution, Revolution or Evolution, Revolution or Bum pBum p??

 Leonard Kleinrock 2000
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CC

OneOne
MegabitMegabit

FileFile

1.5 Megabit/sec

40

1
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C

OneOne
MegabitMegabit

FileFile

We seem to We seem to 
have have 

bum ped into bum ped into 
the s peed of the s peed of 

light!light!

oror

Somethin g’s Somethin g’s 
goin g goin g 

“bum p” “bum p” 
in the li ght!in the li ght!

1 Gigabit/sec
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CC

Streamin gStreamin g
DataData20 Million Bits 

in the pipe!

1 Gigabit/sec
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Just How Fast is a Just How Fast is a 
PetabitPetabit /sec?/sec?

•• Darned fast !Darned fast !

At that s peed you can At that s peed you can 
transmit the 20 trillion b ytes transmit the 20 trillion b ytes 
in the Librar y of  Con gress inin the Librar y of  Con gress in

1/6 of a sec !1/6 of a sec !



••Gigabits, Gigabits, Petabits Petabits & Latency& Latency
••Wireless AccessWireless Access
••Broadband access networksBroadband access networks

Phase 1:Phase 1:
Advanced Network Technolo gyAdvanced Network Technolo gy

 Leonard Kleinrock 2000
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A Brief Histor y of RadioA Brief Histor y of Radio
•• Guglielmo MarconiGuglielmo Marconi : 1901: 1901

UK

Newfoundland
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A Brief Histor y ofA Brief Histor y of PktPkt RadioRadio

250 250 cu incu in

25 25 wattswatts

25 25 lbslbs

• 1970’s: ARPA 

 Leonard Kleinrock 2000
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A Brief Histor y ofA Brief Histor y of PktPkt RadioRadio

250 >>10  250 >>10  cu incu in

25 >>  1  25 >>  1  wattwatt

25 >>  1  25 >>  1  lblb

• 1970’s >> 1990’s: ARPA

 Leonard Kleinrock 2000
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A Brief Histor y of RadioA Brief Histor y of Radio
•• >>>> MobiHOCMobiHOC : 2000: 2000

IP Data Without Base Stations = Ad Hoc Multihop

IP Data With Base Stations = 3G 

• 1970’s >> 1990’s: ARPA

 Leonard Kleinrock 2000
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The Papers at The Papers at Mobicom Mobicom had 573 had 573 
Reference Listin gsReference Listin gs

Distribution of the 573 References
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The Papers at The Papers at Mobicom Mobicom had 573 had 573 
Reference Listin gsReference Listin gs

Distribution of the 573 References

0.0%
10.0%
20.0%
30.0%
40.0%
50.0%
60.0%
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80.0%
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100.0%
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Distribution of the 219 References
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20.0%
30.0%
40.0%
50.0%
60.0%
70.0%
80.0%
90.0%
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1990's 1980's 1970's earlier

What the devil 

What the devil 

happened to all the 

happened to all the 

work in the 1970’s ?

work in the 1970’s ?
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The Papers at The Papers at Mobicom Mobicom had 573 had 573 
Reference Listin gsReference Listin gs

•• 92 % were from 199092 % were from 1990 --20002000
•• 6.5% were from the 1980’s6.5% were from the 1980’s
•• 1 % were from the 1970’s (i.e. 5 references)1 % were from the 1970’s (i.e. 5 references)

•• 1979 one on 1979 one on Visual PerceptionVisual Perception
•• 1978 one on 1978 one on Monte Carlo MethodsMonte Carlo Methods and one on and one on distributed distributed 

processesprocesses
•• 19751975--6 three references to 6 three references to my booksmy books

•• 0.5% from earlier:0.5% from earlier:
•• 1969 one on 1969 one on geographical variation statisticsgeographical variation statistics
•• 1957 one on 1957 one on radio propa gationradio propa gation
•• 1952 one b y Turin g on the 1952 one b y Turin g on the chemical basis of chemical basis of morpho genesismorpho genesis
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The Papers at The Papers at Mobicom Mobicom had 573 had 573 
Reference Listin gsReference Listin gs

•• 92 % were from 199092 % were from 1990 --20002000
•• 6.5% were from the 1980’s6.5% were from the 1980’s
•• 1 % were from the 1970’s (i.e. 5 references)1 % were from the 1970’s (i.e. 5 references)

•• 1979 one on 1979 one on Visual PerceptionVisual Perception
•• 1978 one on 1978 one on Monte Carlo MethodsMonte Carlo Methods and one on and one on distributed distributed 

processesprocesses
•• 19751975--6 three references to 6 three references to my booksmy books

•• 0.5% from earlier:0.5% from earlier:
•• 1969 one on 1969 one on geographical variation statisticsgeographical variation statistics
•• 1957 one on 1957 one on radio propa gationradio propa gation
•• 1952 one b y Turin g on the 1952 one b y Turin g on the chemical basis of chemical basis of morpho genesismorpho genesis

92 92 
5.55.5
2.52.5

MobiHOCMobiHOC had 219had 219
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Giant Ste pping Giant Ste pping 
in Packet Radioin Packet Radio

L. Kleinrock, "On Giant Stepping in Packet Radio Networks,", 
UCLA, Packet Radio Temporary Note #5 , PRT 136, March 1975. 
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Giant Ste pping Giant Ste pping 
in Packet Radioin Packet Radio

•• Multiho pMultiho p
•• Each ho p covers distance R (Each ho p covers distance R (TxTx Radius ) Radius ) 
•• Total distance to cover is D  (D>>R)Total distance to cover is D  (D>>R)
•• Big R, more interference, fewer ho psBig R, more interference, fewer ho ps
•• Small R, less interference, more ho psSmall R, less interference, more ho ps
•• T(R)T(R) is mean res ponse time per ho p
•• Total Dela y = T(R)Total Dela y = T(R)[D/RD/R]
•• Choose R=RChoose R=R ** to minimize total dela yto minimize total dela y
•• dTdT(R)/(R)/dRdR = T(R)/R optimalit y condition= T(R)/R optimalit y condition

L. Kleinrock, "On Giant Stepping in Packet Radio Networks,", 
UCLA, Packet Radio Temporary Note #5 , PRT 136, March 1975. 
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T(R)T(R)

RR

dTdT(R)/(R)/dRdR = T/R= T/R

RR*

This is the optimal radius
Independent of access method
Independent of arrival process
Independent of pkt size distribution
etc.

L. Kleinrock, "On Giant Stepping in 
Packet Radio Networks,", UCLA, 
Packet Radio Temporary Note #5 , 
PRT 136, March 1975. 
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INPUTINPUT

Response TimeResponse Time

TT
RESPONSE TIMERESPONSE TIME

0

CAPACITYCAPACITY THROUGHPUTTHROUGHPUT

Throu ghput
LossLoss

LOSSLOSS



 Leonard Kleinrock 2000

Response Time vs Throu ghput

0
Throu ghput

ResponseResponse
TimeTime

(    )

T(   )

POWER = 
Throu ghput

Response Time

P =  
T(   )

1/P

*

Max Power Point

Kleinrock, L., "Power and Deterministic Rules of Thumb for Probabilistic Problems in Computer 
Communications", Conference Record,  International Conference on Communications, Boston, 
Massachusetts, pp. 43.1.1 to 43.1.10, June 1979. 
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0
Throu ghput

(    )*

Max Power Point

At Max PowerAt Max Power
NN** = 1= 1

Response Time vs Throu ghput

ResponseResponse
TimeTime

T(   )

Kleinrock, L., "Power and Deterministic Rules of Thumb for Probabilistic Problems in Computer 
Communications", Conference Record,  International Conference on Communications, Boston, 
Massachusetts, pp. 43.1.1 to 43.1.10, June 1979. 



 Leonard Kleinrock 2000

0

M/G/1M/G/1

N*=1N*=1

T(   )

Kleinrock, L., "Power and Deterministic Rules of Thumb for Probabilistic Problems in Computer 
Communications", Conference Record,  International Conference on Communications, Boston, 
Massachusetts, pp. 43.1.1 to 43.1.10, June 1979. 
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TT

Only 1 customerOnly 1 customer

= Min= Min
EffEff = Max= Max

Use Your IntuitionUse Your Intuition

Insi ght:
Just kee p the 

pipe full! 
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What’s Missin g In Your Research?What’s Missin g In Your Research?
•• You need to devote some of your research You need to devote some of your research 

to lar ger issues, to more anal ysis, to basics.to lar ger issues, to more anal ysis, to basics.
•• How about How about invariancesinvariances ??
•• How about fundamental tradeoffs?How about fundamental tradeoffs?
•• How about global behavior?How about global behavior?
•• How about How about asymptoticsasymptotics ??
•• How about effects that emer ge in How about effects that emer ge in reall y reall y 

large networkslarge networks ??
•• DynamicsDynamics
•• Oscillations Oscillations 
•• InstabilitiesInstabilities
•• Traffic stormsTraffic storms
•• Continuum of nodesContinuum of nodes
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From Theor y to PracticeFrom Theor y to Practice

•• Fire station location problemFire station location problem
•• Optimum solutionOptimum solution
•• But …But …

… one da y he visited the forest!… one da y he visited the forest!

A 1964 Lesson From Dan A 1964 Lesson From Dan HeymanHeyman



••Gigabits, Gigabits, Petabits Petabits & Latency& Latency
••Wireless AccessWireless Access
••Broadband access networksBroadband access networks

Phase 1:Phase 1:
Advanced Network Technolo gyAdvanced Network Technolo gy

 Leonard Kleinrock 2000
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1010

0.10.1
19801980 19851985 19901990 19951995 20002000

1 Kbps1 Kbps

100100

1 Mbps1 Mbps

1010

100100

11 GbpsGbps

ENETENET

FDDIFDDI

GigaEnetGigaEnet

LANLAN

BBBB
AccessAccess

OC24OC24

T1T1

T3T3
OC12OC12

Backbone Acces sBackbone Acces s

20052005

The Access Bandwidth Ga pThe Access Bandwidth Ga p

PC BusPC Bus

28.828.8

DialupDialup
300300

12001200
24002400 9.69.6

14.414.4
5656

LANLAN

ApplicationApplication
DemandDemand

DialupPCPC

ISDNISDN
ADSLADSL

Cable ModemsCable Modems
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1010

0.10.1
19801980 19851985 19901990 19951995 20002000

1 Kbps1 Kbps

100100

1 Mbps1 Mbps

1010

100100

11 GbpsGbps

20052005

The Access Bandwidth Ga pThe Access Bandwidth Ga p

28.828.8

DialupDialup
300300

12001200
24002400 9.69.6

14.414.4
5656 ISDNISDN

ADSLADSL
Cable ModemsCable Modems

This is a 
major disru ption!

Disruption = Opportunity !

Disruption = Opportunity !

 Leonard Kleinrock 2000
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Phase 2:Phase 2:
Nomadic Com putin gNomadic Com putin g

Travellin gTravellin g from your office from your office 
to another location and to another location and 
still havin g access to your still havin g access to your 
full set of Internet full set of Internet 
resourcesresources
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In Your Office You Have ...In Your Office You Have ...

•• A High performance workstationA High performance workstation

•• Access to hi gh speed networksAccess to hi gh speed networks

•• Support from an IT S ystems AdministratorSupport from an IT S ystems Administrator

You lose the last 2 as soon as 
you go on the road !



 Leonard Kleinrock 2000
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Enter the Nomads!Enter the Nomads!

Nomad
News

On the MoveOn the Move

 Leonard Kleinrock 2000
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Where Nomads TravelWhere Nomads Travel

OfficeOffice
HomeHome
Air planeAir plane
HotelHotel
AutomobileAutomobile
Branch OfficeBranch Office
BedroomBedroom

Here at Here at MobiHOCMobiHOC !!
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On The RoadOn The Road

I travel with aI travel with a
•• Scientific calculator watchScientific calculator watch
•• 22--way email pa gerway email pa ger
•• Palm PilotPalm Pilot
•• Cell phoneCell phone
•• Notebook computerNotebook computer

That means I carr yThat means I carr y
•• 5 displa ys, 5 displa ys, 
•• 5 keyboards, 5 keyboards, 
•• 5 speakers,5 speakers,
•• 2 microphones,2 microphones,
•• 5 clocks,5 clocks,
•• 5  batteries,5  batteries,
•• 4 data bases,4 data bases,
•• 4 communication 4 communication 

devices.devices.
This is Ridiculous!This is Ridiculous!
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This garbage is:This garbage is:
•• Strapped to m y waist Strapped to m y waist 

•• VelchroVelchro inte grationinte gration

•• Lugged in m y briefcaseLugged in m y briefcase
•• Unique awkward interfacesUnique awkward interfaces
•• Horrible batter y life, all different batteriesHorrible batter y life, all different batteries
•• Lilliputian ke yboardsLilliputian ke yboards
•• EyeEye--strainin g screensstrainin g screens
•• Missin g modular attachmentsMissin g modular attachments
•• Vendors’ curse of nonVendors’ curse of non --interoperabilit yinteroperabilit y
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Nomadic AttributesNomadic Attributes
•• SizeSize
•• WeightWeight
•• Processin g powerProcessin g power
•• Batter y lifeBatter y life
•• Mobile communicationsMobile communications
•• InterferenceInterference
•• LossLoss
•• Theft Theft (the airport scam)(the airport scam)
•• Damage Damage (the “Laptop Reflex”)(the “Laptop Reflex”)
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Nomadicit y Nomadicit y ExacerbatesExacerbates

•• DisconnectednessDisconnectedness
•• Variable connectivit y: Variable connectivit y: 

unpredictable and voluntar yunpredictable and voluntar y
•• Variable latenc yVariable latenc y
•• Variable requirementsVariable requirements
•• Resource replicationResource replication
•• Securit ySecurit y
•• Privac yPrivac y
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Nomadicit y Nomadicit y Exacerbates Exacerbates 
(cont)(cont)

•• Awareness of environment b y the userAwareness of environment b y the user
“environment discovery”“environment discovery”

•• Awareness of user b y the environmentAwareness of user b y the environment
“user discovery”“user discovery”

•• Adaptivit yAdaptivit y/compression to match bandwidth /compression to match bandwidth 
and platform capabilit yand platform capabilit y

•• Management of distributed Management of distributed 
“stuff” !“stuff” !
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Who Am I?Who Am I?
(or, what identifies me? )(or, what identifies me? )

•• My PC (or other computin g device)?My PC (or other computin g device)?
•• My telephone (or other communication My telephone (or other communication 

device)?device)?
•• My desk (or some other location)?My desk (or some other location)?
•• My ID or address?My ID or address?

Me!Me!
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•• The Conventional View: The Conventional View: 
•• Radical chan ges in bandwidthRadical chan ges in bandwidth
•• DisconnectionsDisconnections
•• Radical chan ges in latenc yRadical chan ges in latenc y
•• Deferred operationsDeferred operations

Failures or Exce ptions!Failures or Exce ptions!

Change Your ViewChange Your View

•• The Nomadic View:The Nomadic View:

This is the Usual Case!This is the Usual Case!
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To enhance the next To enhance the next 
generation Internet generation Internet 
so that users will gain so that users will gain 
ubi quitous access and ubi quitous access and 
service trans parentl y, andservice trans parentl y, and

The Vision of Nomadicit yThe Vision of Nomadicit y

remove the com plexit y remove the com plexit y 
of networkin g from the of networkin g from the 
useruser
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Where are the Bottlenecks?Where are the Bottlenecks?

•• Intermittent connectivit yIntermittent connectivit y
•• Slow linksSlow links
•• Latenc y all over the placeLatenc y all over the place
•• Network protocolsNetwork protocols
•• Application protocolsApplication protocols
•• Other kinds of handshakin gOther kinds of handshakin g
•• Protocol conversionProtocol conversion
•• Sluggish and/or confused network flow controlSluggish and/or confused network flow control
•• Workstation I/O limitationsWorkstation I/O limitations
•• Graphic and video cardsGraphic and video cards
•• Updatin g stale dataUpdatin g stale data

Lots of Places !Lots of Places !
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•• Problem:Problem:
When and how often should a user update a given piece When and how often should a user update a given piece 
of information as it goes further and further outof information as it goes further and further out --ofof --date?date?

•• Assum ptions:Assum ptions:
There is a There is a cost C>0cost C>0 of updatin g a given piece of of updatin g a given piece of 
informationinformation
There is an expected value per unit time associated with There is an expected value per unit time associated with 
havin g a piece of information that was updated t time havin g a piece of information that was updated t time 
units a go. units a go. 

✦✦ This value is f(t)This value is f(t) ..

•• Question:Question:
Given f(t) and C, When and how often should a user Given f(t) and C, When and how often should a user 
update a given piece of information?update a given piece of information?

Optimal U pdate Times forOptimal U pdate Times for
OutOut --ofof --Date InformationDate Information
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0

0.2

0.4
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Value of OutValue of Out --ofof --Date InformationDate Information

0                1                2                3            4

TIME
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0
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Avera ge Value Gained per Unit TimeAvera ge Value Gained per Unit Time

0                1                2                3            4
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∫f(t)
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0
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0.4
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0.8
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0                1                2                3            4

TIME

Avera ge Value Gained perAvera ge Value Gained per
Unit Time is a maximum when:Unit Time is a maximum when:

x

x

t=0

f(t)dt - C

x

= f(x)

∫
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Value Gained Over Multi ple UpdatesValue Gained Over Multi ple Updates

TIME

1x 2x 3x 4x

-C -C -C -C
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We Need Trans parent We Need Trans parent 
Adaptation To:Adaptation To:

•• ContextContext
•• LocationLocation
•• Communication device/bandwidthCommunication device/bandwidth
•• Computin g platformComputin g platform
•• ApplicationApplication
•• Disconnectedness/deferred o perationDisconnectedness/deferred o peration
•• MotionMotion
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Point -to-Point Protocol 

(PPP)

Dynamic Host Configuration Protocol (DHCP)

Layer 2 Forwarding (L2F)

Layer 2 Transfer Protocol (L2TP)

Client/Host Authentication Protocol (CHAP)

Virtual Private Networks (VPN)

Virtual LANs (VLAN)

Serial Link Protocol (SLIP)Remote Access Server (RAS)

Remote Authentication Dial In
 User S

ervice (R
ADIUS)

PPP over Ethernet (PPPoE)

Today’s A pproach:Today’s A pproach:
A Tower of BabelA Tower of Babel

These 

approaches are 

not fle
xible 

enough !
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For a More Flexible A pproachFor a More Flexible A pproach

1.1. We need basic mana gement of the We need basic mana gement of the 
subscribersubscriber

•• PlugPlug--andand --play access to the netplay access to the net
•• Subscriber access to services Subscriber access to services 
•• Reduced setup and administration costs for Reduced setup and administration costs for 

the service providerthe service provider

2.2. We must add intelli gence to the networkWe must add intelli gence to the network
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Where in the Net Should This Where in the Net Should This 
Intelli gence Go?Intelli gence Go?

•• In the core?In the core?

•• In the client?In the client?

•• At the ed ge?At the ed ge?
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This Intelli gence Should  …This Intelli gence Should  …

1.1. Not be dee p in the Not be dee p in the corecore since we want since we want 
fine customization and control of fine customization and control of 
individual users (or small grou ps)individual users (or small grou ps)

2.2. Not be in the Not be in the clientclient since the y are since the y are 
gettin g skinnier: gettin g skinnier: 

3.3. Be deployed at the next closest place Be deployed at the next closest place 
in the net, namel y …in the net, namel y … at the ed geat the ed ge..
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What’s So Great About the Ed ge?What’s So Great About the Ed ge?
OrOr

Why Should The Intelli gence Go There?Why Should The Intelli gence Go There?

•• Traffic mana gement at the ed ge is becomin g a Traffic mana gement at the ed ge is becomin g a 
key method to increase "bandwidth" and lower key method to increase "bandwidth" and lower 
costscosts

•• It is the onl y point in the network throu gh which It is the onl y point in the network throu gh which 
all subscriber traffic and content flows.all subscriber traffic and content flows.

•• The Broadband Subscriber Ed ge is The Broadband Subscriber Ed ge is 
•• Where the Last Mile Meets the Backbone, Where the Last Mile Meets the Backbone, 
•• Where Access Providers Meet Service ProvidersWhere Access Providers Meet Service Providers
•• Where End Users Meet Broadband Content.Where End Users Meet Broadband Content.

•• It is the first place where the End User It is the first place where the End User 
technolo gy meets the mana ged infrastructure.technolo gy meets the mana ged infrastructure.
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What Can You Control ?What Can You Control ?

End-to-end
Control Works

EndEnd --toto --EdgeEdge
Control WorksControl Works

 Leonard Kleinrock 2000
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What Can You Control ?What Can You Control ?

EndEnd --toto --EdgeEdge
Control WorksControl Works

New EdgeNew Edge--toto --EndEnd
Control NeededControl Needed

 Leonard Kleinrock 2000
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The Internet is Chan gingThe Internet is Chan ging

•• The Internet is becomin g much more The Internet is becomin g much more 
than connected networks and than connected networks and 
com puters com puters –– it is becomin g a service it is becomin g a service 
access and deliver y systemaccess and deliver y system

•• ASP’sASP’s , e, e--commerce, entertainment, & commerce, entertainment, & 
others will drive this trendothers will drive this trend



 Leonard Kleinrock 2000

A Chan ge in Thinkin gA Chan ge in Thinkin g

•• It is It is not the “fat pipe”not the “fat pipe” that mattersthat matters
–– its its what goes throu gh itwhat goes throu gh it that that 
mattersmatters

•• The current thinkin g of The current thinkin g of 
“ 1 pipe = 1 com puter = 1 user” model“ 1 pipe = 1 com puter = 1 user” model
will need to evolve to match actual will need to evolve to match actual 
useuse
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From Connections to Service !From Connections to Service !

•• TCP/IP allows access to TCP/IP allows access to 
local net and Internetlocal net and Internet

•• Local services include Local services include 
printin g and eprintin g and e --mailmail

•• Typicall y connected to LAN Typicall y connected to LAN 
with hi gh bandwidthwith hi gh bandwidth

•• Expect to connect to a Expect to connect to a 
sin gle networksin gle network

•• Assumes you access the Assumes you access the 
net for a computer net for a computer 
app. or serviceapp. or service

•• Connection predicated on Connection predicated on 
abilit y to pa yabilit y to pa y

•• Local services include Local services include 
pizza and movie ticketspizza and movie tickets

•• Typicall y connected to Typicall y connected to 
WAN with low bandwidt hWAN with low bandwidt h

•• Select services from Select services from 
multiple networksmultiple networks

•• Assumes you access the Assumes you access the 
net for commercial or net for commercial or 
consumer service consumer service 

Connection Centric Service Centric
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We must move We must move 
From From 

The Netherworld of C ybers paceThe Netherworld of C ybers pace
ToTo

The Physical world of Smart S pacesThe Physical world of Smart S paces
(or the Post(or the Post --PC World )PC World )

Phase 3:Phase 3:
Smart S pacesSmart S paces
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Internet growthInternet growth

‘95 ‘96 ‘97 ‘98 ‘99 ‘00 ‘01 ‘02 ‘03 ‘04

Internet GrowthInternet Growth
extrapolated at 98% per yearextrapolated at 98% per year

World PopulationWorld Population
extrapolated at 1.6% per yearextrapolated at 1.6% per year

12

10

8

6

4

2

0

Billions

What the heck is ha ppenin g here?
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So What WILL be Connected?So What WILL be Connected?
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So What WILL be Connected?So What WILL be Connected?
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•• Our environment will be Our environment will be alivealive with with 
technolo gy all around ustechnolo gy all around us
•• In the wallsIn the walls
•• In my deskIn my desk
•• In my beltIn my belt
•• In my eyeglassesIn my eyeglasses
•• In my refri geratorIn my refri gerator
•• In my automobileIn my automobile
•• In my fin gernailsIn my fin gernails

What Will it Look Like?What Will it Look Like?



Smart Spaces and Smart NetworksSmart Spaces and Smart Networks

•• Thousands of processors per humanThousands of processors per human
Logic, memoryLogic, memory
CommunicationsCommunications
Actuators, sensorsActuators, sensors
Cameras, Cameras, 
Microphones, speakersMicrophones, speakers
DisplaysDisplays

•• Pervasive Embedded TechnologyPervasive Embedded Technology
Body NetBody Net
ObjectsObjects
VehiclesVehicles

 Leonard Kleinrock 2000
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Capabilities Associated with Capabilities Associated with 
Devices in Smart S pacesDevices in Smart S paces

•• SenseSense
•• Discover what is in the environmentDiscover what is in the environment

•• Actuate (control)Actuate (control)
•• Control the elements in the environmentControl the elements in the environment
•• Achieve goals in the environmentAchieve goals in the environment

•• LocateLocate
•• Find ob jects, people, informationFind ob jects, people, information

•• NavigateNavigate
•• Find paths to ob jects, locations, people and Find paths to ob jects, locations, people and 

informationinformation
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Capabilities Associated with Devices Capabilities Associated with Devices 
in Smart S pacesin Smart S paces

•• OrganizeOrganize
•• Gather information, ob jects, peopleGather information, ob jects, people
•• Organize information, ob jects, peopleOrganize information, ob jects, people
•• Manage affairs of people and missionsManage affairs of people and missions

•• ReportReport
•• What is the current situation in the environmentWhat is the current situation in the environment

•• CommunicateCommunicate
•• Interact with ob jects and people via data, voice, Interact with ob jects and people via data, voice, 

video, tactilevideo, tactile
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Interactin g Environments and Smart Interactin g Environments and Smart 
NetworksNetworks

•• Smart Static networksSmart Static networks
•• Smart buildin gs, rooms, aircraft carriersSmart buildin gs, rooms, aircraft carriers

•• Smart Mobile networksSmart Mobile networks
•• MyMy bod ynetbod ynet -- I walk around with itI walk around with it
•• My automobile My automobile 

•• These networks d ynamicall y move into each These networks d ynamicall y move into each 
other’s “reach” or “senseother’s “reach” or “sense --radius”radius”
•• They interact and activate the smart space capabilitiesThey interact and activate the smart space capabilities
•• They may need to confi gure themselves before, durin g They may need to confi gure themselves before, durin g 

and after the interactionand after the interaction
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So What’s the Vision?So What’s the Vision?

•• The Internet technolo gy will be The Internet technolo gy will be 
everywhereeverywhere

•• Alwa ys accessibleAlwa ys accessible
•• Alwa ys onAlwa ys on
•• Just like electricit yJust like electricit y

•• It’s ever ywhereIt’s ever ywhere
•• You don’t have to think about itYou don’t have to think about it

And it will be INVISIBLE!
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What is this Reall y About?What is this Reall y About?

Money?

Impact?

Fun?

Reachin g out?

Doin g good?

Learnin g?

Challen ges?

Shopping?

Doin g bad?
…

eCommerce?

Yes!



Thank YouThank You
www.nomadix.com
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www.lk.cs.ucla.edu


