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Evolution of NetworksEvolution of Networks
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Wireless InternetWireless Internet
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Wireless NetworksWireless Networks
IP Networks - Ethernet

RAN Interactive TV - IEEE 802.22 - WiRAN

MAN Mobile WDSL - IEEE 802.16 – Mobile WiMAX

WDSL - IEEE 802.16 – Fixed WiMAX

DECT
Wi Fi IEEE 802 11

LAN

PAN
Wi-Fi  - IEEE 802.11

WUSB Bluetooth 3 0 - Wimedia - IEEE 802 15
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Wireless InternetWireless Internet

Ethernet EthernetEthernet Ethernet

IP t ll IPIP controller IP 
controllers WiMAX

Po rta b le

Po rta b le

Wi A P i tWiMedia Wi-Fi
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AutonomicAutonomic NetworksNetworks
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ComplexityComplexity
Networks keep moving towards ever increasing Networks keep moving towards ever increasing 

l itl itcomplexity complexity 

New services added every week!New services added every week!New services added every week!New services added every week!
New technologies added every month!New technologies added every month!

N hit t i t d d !N hit t i t d d !New architectures introduced every year!New architectures introduced every year!

Combining the old with the new (no  replacement!)Combining the old with the new (no  replacement!)

88



ComplexityComplexity
Where are "ever increasingly complex" networks Where are "ever increasingly complex" networks 
h di ?h di ?heading?heading?

Something needs to be done ...Something needs to be done ...

Open systems people need to do something ...Open systems people need to do something ...

Solution: introduce an autonomic behavior to Solution: introduce an autonomic behavior to 
provide an automatic configuration.provide an automatic configuration.
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Autonomic networkingAutonomic networking
Increased responsiveness
Adapt to dynamically

Business resiliency
Discover, diagnose, and actAdapt to dynamically

changing 
environments

Discover, diagnose, and act 
to prevent disruption

Self-configuring Self healing

Self optimizing Self protecting

Operational efficiency Secure information and resourcesOperational efficiency
Tune resources and balance
workloads to maximize use 
of IT resources

Secure information and resources
Anticipate, detect, identify, and
protect against attacks
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A new planeA new plane
Knowledge planeKnowledge plane

Situated view on the networkSituated view on the network

Configuration planeConfiguration plane
An intelligence is needed to pilot the networkAn intelligence is needed to pilot the network

Configure the control algorithmsConfigure the control algorithms

Information planeInformation plane
Proposed in IEEE 802.21Proposed in IEEE 802.21oposed 80oposed 80

Governing planeGoverning plane
ACF (Autonomic Communication Forum)ACF (Autonomic Communication Forum)ACF (Autonomic Communication Forum)ACF (Autonomic Communication Forum)

Piloting Piloting planeplane
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A new plane: ACFA new plane: ACF
The knowledge planeThe knowledge plane

Global decision - Meta-agent/
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A new plane: Ginkgo NetworksA new plane: Ginkgo Networks
Piloting Plane
Situated decisionSituated decision
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New architectureNew architecture

Governing 
planeplane

ManagementManagement 
plane

Data plane
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New architectureNew architecture

Governing 
planeplane

Data plane
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The Piloting planeThe Piloting plane

Knowledge Plane

C fi ti PlConfiguration Plane
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Without a Piloting PlaneWithout a Piloting Plane

Todayy

Routing

CAC

Routing

CAC

Routing

CAC
Flow control

Security

Flow control

Security

Flow control

SecuritySecurity
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Security

QOS

Security

QOS
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With a Piloting PlaneWith a Piloting Plane

Piloting plane

Routing Routing RoutingRouting

CAC

Routing

CAC

Routing

CAC
Flow control

Security

Flow control

Security

Flow control

Security

QOS QOS QOS
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Autonomic communicationsAutonomic communications
New generation of protocolsNew generation of protocols

Routing

QoS } Common knowledgeQoS

Security

etc

} Common knowledge

Which knowledge?Which knowledge?

etc.

All the knowledge is not realistic (fresh information)
Situated knowledge
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AutonomicAutonomic architecturearchitecture

2020



AutonomicAutonomic architecturearchitecture

Piloting

systemsystem

Data Plane
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Knowledge: Situated Knowledge: Situated viewview

Global knowledge Situated knowledge

Each Agent has its own Situated View of the Network.
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Knowledge: Virtual situated viewKnowledge: Virtual situated view
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Piloting architecturePiloting architecture
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ImplementationImplementation
ToolTool

Distributed intelligent agent systemDistributed intelligent agent system

TestbedTestbed
RoutingRouting

DiffServ ConfigurationDiffServ ConfigurationDiffServ ConfigurationDiffServ Configuration

Home NetworkingHome Networking

Wireless InternetWireless Internet
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Piloting plane (Ginkgo Networks)Piloting plane (Ginkgo Networks)

Agent Wi-Fi Access Point

RouterRouter

Agent

RouterRouter

Agent

Distributed Intelligent Agent System
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Ginkgo Networks AgentGinkgo Networks Agent

Behavior
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RoutingRouting
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OSPFOSPF

OSPF + situated view
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OSPF  situated view



Measurement resultsMeasurement results
Global throughput with OSPF
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DiffServ configurationDiffServ configuration
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DiffServ ConfigurationDiffServ Configuration

Agent WiFi Access Point

RouterRouter

Agent

RouterRouter

Agent
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PerformancePerformance

Linux routers (internal control)Throughput

100

Cisco routers (external control)
60

2020
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Knowledge distanceKnowledge distance

0 1 2 3 n
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DiffServ configuration DiffServ configuration 
DiffServ configuration in dynamic environmentDiffServ configuration in dynamic environment
Throughput

100

Linux routers (internal control)

60

20 Major change every 1mn20
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Autonomic Home NetworkingAutonomic Home Networking
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AutonomicAutonomic Home NetworkingHome Networking
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Home Home networkingnetworking
Internet

One hop

Optic fiber

One-hop
situated

view
PC

Controller

Gateway

Sensor
Bridge

Refregirator Bridge
Bridge
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Autonomic Autonomic home networkinghome networking
Develop a piloting plane Develop a piloting plane distributed on distributed on each each 

hihimachine.machine.

Machines must support anMachines must support an operating system andoperating system andMachines must support an Machines must support an operating system and operating system and 
be dependant be dependant on the home manageron the home manager

InternetInternet BoxBoxInternetInternet--BoxBox

BridgeBridge

Access PointAccess Point

Mobile terminal equipmentMobile terminal equipment

SetSet--toptop--boxbox

PC?PC?
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PC?PC?



Autonomic home Autonomic home networkingnetworking
NetworksNetworks

EthernetEthernet

PLC (Power Line Communication)PLC (Power Line Communication)( )( )

WirelessWireless
UWBUWBUWBUWB
WiWi--FiFi

Sensor networksSensor networksSensor networksSensor networks

Control of the quality of service and securityControl of the quality of service and security
Situated view: one hopSituated view: one hop
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VirtualizationVirtualization
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VirtualizationVirtualization

Real server
Virtual server

4242

Clients



VirtualizationVirtualization

Virtual serversVirtual servers
Real server

4343

Clients



GeniGeni
Intel would like to propose a generic routerIntel would like to propose a generic router

Intel proposes to have a generic hardware with Intel proposes to have a generic hardware with 
virtual network operating systemvirtual network operating systemvirtual network operating systemvirtual network operating system

A router with IOS release n and Junos and Alcatel A router with IOS release n and Junos and Alcatel 
OS d N t l OS tOS d N t l OS tOS and Nortel OS, etc.OS and Nortel OS, etc.

Cisco reaction is to virtualize the differentCisco reaction is to virtualize the differentCisco reaction is to virtualize the different Cisco reaction is to virtualize the different 
releases of IOS.releases of IOS.
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Virtual routerVirtual router

Network A

Network

Network B

Network 
CNetwork 

D
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Why virtualization? Why virtualization? 
A better use of the resourcesA better use of the resources

Sharing of the resources for the routing schemesSharing of the resources for the routing schemes

S it f th hi i t tt kS it f th hi i t tt kSecurity of the machines against attacksSecurity of the machines against attacks

Isolation of the traffic in the virtual machinesIsolation of the traffic in the virtual machinesIsolation of the traffic in the virtual machinesIsolation of the traffic in the virtual machines

Management and controlManagement and control

N d h iN d h iNeed an hypervisorNeed an hypervisor

How to move the virtual entities (router, etc.)How to move the virtual entities (router, etc.)
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VirtualizationVirtualization
Virtualization of the machinesVirtualization of the machines

ClassicalClassical

Virtualization of the Network OSVirtualization of the Network OSVirtualization of the Network OSVirtualization of the Network OS
Virtualization of the planes and the protocolsVirtualization of the planes and the protocols

K l d l i t l k l d tK l d l i t l k l d tKnowledge plane: virtual knowledge agentsKnowledge plane: virtual knowledge agents
Piloting plane: virtual piloting agents (software)Piloting plane: virtual piloting agents (software)
Control plane: virtual algorithmsControl plane: virtual algorithmsControl plane: virtual algorithmsControl plane: virtual algorithms
Data plane: virtual protocolsData plane: virtual protocols

Virtualization of the servicesVirtualization of the servicesVirtualization of the servicesVirtualization of the services
Classical (data center, centrex, etc.)Classical (data center, centrex, etc.)
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Virtualization of the Knowledge PlaneVirtualization of the Knowledge Plane
Knowledge agentsKnowledge agents

Network 
A

Network 

Network 
CNetwork 

D
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Virtualization of the Knowledge PlaneVirtualization of the Knowledge Plane

Virtual 
situated 
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view

Virtual 
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Virtual 
situated 

view
view
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Virtualization of the Management PlaneVirtualization of the Management Plane

Network Management systemsNetwork Management systems

Network 
A

Network 

Network 
CNetwork 

D
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Virtualization of the Management PlaneVirtualization of the Management Plane

NM 
System

NM 
System

NM 
System

NM 
System

NM 
System

1 2 3 4 5

Hypervisor
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Virtualization of the control planeVirtualization of the control plane
Control AlgorithmsControl Algorithms

Network 
A

Network 

Network 
CNetwork 

D
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Virtualization of the Control PlaneVirtualization of the Control Plane
Control algorithms

NOS NOS NOS NOS NOSNOS

Control

1
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Control
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Virtualization of the Data PlaneVirtualization of the Data Plane
Protocol stacksProtocol stacks

Network 
A

Network 
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Network 
CNetwork 
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Virtualization of the Data PlaneVirtualization of the Data Plane
A

B
Node

B

C

=
D

E =E

A = IP stack is mandatory in the core network
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A = IP stack is mandatory in the core network 



Virtualization of the Data PlaneVirtualization of the Data Plane
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Virtualization of the Data PlaneVirtualization of the Data Plane
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Virtualization of the protocolsVirtualization of the protocols
A

BB
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A = IP stack is mandatory in the core network 
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Virtualization of protocol stacksVirtualization of protocol stacks
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VirtualizationVirtualization

AnAn oldold paradigmparadigmAn An oldold paradigmparadigm

A new networkingA new networking paradigmparadigmA new networking A new networking paradigmparadigm
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PilotingPiloting the Wireless Internetthe Wireless Internet
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Wireless InternetWireless Internet

Ethernet Ethernet
WiMAX

WiRANEthernet Ethernet

IP t ll IP

mobile WiRAN

IP controller IP 
controllers WiMAX

Po rta b le

Po rta b le

A i t WiWiMedia Wi-Fi

6262

Access point WixxWiMedia



Ultra Wide BandUltra Wide Band
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UWBUWB

6464



UWB UWB 

3.1 10.6

Indoor limit1.99

GPS Band

0.96 1.61
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WiWi--FiFi
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CAPWAPCAPWAP
Control And Provisionning of Wireless Access Control And Provisionning of Wireless Access 
P i tP i tPoint Point 

Three types of WiThree types of Wi--Fi architectureFi architectureThree types of WiThree types of Wi Fi architectureFi architecture
Autonomous WLAN ArchitectureAutonomous WLAN Architecture

C t li d WLAN A hit tC t li d WLAN A hit tCentralized WLAN ArchitectureCentralized WLAN Architecture

Distributed WLAN ArchitectureDistributed WLAN Architecture
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WiWi--FiFi
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WiWi--Fi networksFi networks

AP controller Handover managementAP controller

Power System

Handover management

Access configuration

Power over Ethernet (PoE)

Wi-Fi networkWi-Fi network
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MIMO MIMO -- Multiplexing (TrueMIMOMultiplexing (TrueMIMOTMTM))
Transmission speed  = f(NbTransmission speed  = f(Nbantenneantenne))

DiversityDiversity

X1 Y1
D1 D5 C1 D1 D5… …

X2 Y2
D2 D4

1

C2 D2 D4

Modulation
Traitement

… …

… …
D1 D2 D3 D4 D5 D6 D1 D2 D3 D4 D5 D6

& 

Mapping

Traitement 

du signal… …

Xn Yn
D3 D6 Cn D3 D6… …
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IEEE 802.11s Mesh networksIEEE 802.11s Mesh networks

LAN
Internet

LAN

LAN
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IEEE 802.16 IEEE 802.16 -- WiMAXWiMAX
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WiMAXWiMAX

7373

Alcatel source



WiMAX performanceWiMAX performance
Point to multipointPoint to multipoint

50 km at 70 Mbps in theory50 km at 70 Mbps in theory

10 k ith 30 Mb10 k ith 30 Mb10 km with 30 Mbps10 km with 30 Mbps
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WiMax 2004 Frames WiMax 2004 Frames 
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Alcatel source



Frame IEEE 802.16e Frame IEEE 802.16e ––WiMax MobileWiMax Mobile
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Alcatel source



WiMAXWiMAX classesclasses
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Alcatel source



WiMAX mobile WiMAX mobile -- IEEE  802.16eIEEE  802.16e
Specification for the WiMAX mobileSpecification for the WiMAX mobile

Frequency < 3.5 GHzFrequency < 3.5 GHz

Data: 1 to 4 Mbps per userData: 1 to 4 Mbps per userp pp p

Speed up to 130 km/hSpeed up to 130 km/h

Large cell (approximately 1 km)Large cell (approximately 1 km)Large cell (approximately 1 km)Large cell (approximately 1 km)

Ambient networkAmbient network

QoS GarantyQoS Garanty

Security with EAPSecurity with EAP--TLS smartcardTLS smartcardyy
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IEEE 802.16e WiMax MobileIEEE 802.16e WiMax Mobile
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Architecture IEEE 802.16e vs 3GPP2Architecture IEEE 802.16e vs 3GPP2

8080



CentrinoCentrino
IEEE 802.16IEEE 802.16--20042004

Intel productsIntel products
RosedaleRosedaleRosedaleRosedale

Centrino 3Centrino 3

Centrino 4Centrino 4

Centrino 5Centrino 5

Centrino multihomeCentrino multihome
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MultiMulti--technologies and multitechnologies and multi--hominghoming

Portable
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WiRAN : 802.22WiRAN : 802.22
Band: 300 MHz within the 54 Band: 300 MHz within the 54 –– 862 MHz television band862 MHz television band
Cognitive radioCognitive radioCognitive radioCognitive radio

Free licenseFree license

Channel: 6 or 8 MHzChannel: 6 or 8 MHzChannel: 6 or 8 MHzChannel: 6 or 8 MHz
Throughput : 18 Mbps for a 6 MHz channelThroughput : 18 Mbps for a 6 MHz channel
User speed from the antenna: 1,5 Mbps to 4 MbpsUser speed from the antenna: 1,5 Mbps to 4 MbpsUser speed from the antenna: 1,5 Mbps to 4 MbpsUser speed from the antenna: 1,5 Mbps to 4 Mbps
User speed from the terminal: 384 kbps but may be 64 kbpsUser speed from the terminal: 384 kbps but may be 64 kbps

Power: 1 W antenna, 100 mW terminalPower: 1 W antenna, 100 mW terminalo e a te a, 00 te ao e a te a, 00 te a
Transmission techniqueTransmission technique

OFDMOFDM

QoS support at the MAC layerQoS support at the MAC layer
Very low priceVery low price

8383

Very low price Very low price 



IEEE IEEE 802.22802.22
The terminal has not to be declared (free license)The terminal has not to be declared (free license)
R di h t i ti t ll d b th dR di h t i ti t ll d b th dRadio characteristics are controlled by the senderRadio characteristics are controlled by the sender
GPS/Galileo to determine the frequency to be GPS/Galileo to determine the frequency to be q yq y
usedused
Range: 50 kilometersRange: 50 kilometersRange: 50 kilometersRange: 50 kilometers

Bandwidth: 300 MHzBandwidth: 300 MHz
With a cognitive frequency choice:With a cognitive frequency choice:With a cognitive frequency choice: With a cognitive frequency choice: 

telephone+ data 100 000 clients telephone+ data 100 000 clients 
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only telephony 1 000 000 clientsonly telephony 1 000 000 clients



Wireless InternetWireless Internet
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Wireless InternetWireless Internet

Ethernet Ethernet
WiMAX

WiRANEthernet Ethernet

IP t ll IP

mobile WiRAN

IP controller IP 
controllers WiMAX

Po rta b le

Po rta b le

A i t WiWiMedia Wi-Fi
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Access point WixxWiMedia



IEEE 802.21 Media Independent Handoover IEEE 802.21 Media Independent Handoover 
SchemeScheme

Handover between the different 802 standards (802.15, Handover between the different 802 standards (802.15, 
802.11, 802.16, 802.20, 802.22)802.11, 802.16, 802.20, 802.22)

WiMedia, Wi-Fi, WiMAX, Wi-Mobile, WiRAN
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Performance Performance analysisanalysis
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The model The model underunder simulationsimulation

Wi Fi N t k

8989

Wi-Fi Networks



ParametersParameters
VoIP traffic VoIP traffic 

G711 codecG711 codec

WiWi--Fi Fi –– IEEE 802.11bIEEE 802.11b
Rate dependant on the positionRate dependant on the position

OPNETOPNET
A call every 10 seconds up to a maximum number nA call every 10 seconds up to a maximum number n

5 < n <355 < n <35

When a call is rejected a new call arrives after the timeWhen a call is rejected a new call arrives after the time--outout

When a call is finishing after 100 seconds, a new call is entering at a When a call is finishing after 100 seconds, a new call is entering at a g , gg , g
random pointrandom point
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Proportion of Proportion of rejectedrejected callscalls
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EndEnd--toto--end end delaydelay
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Simulation resultsSimulation results
The situated viewThe situated view

0 1 2 3
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ConclusionConclusion
AutonomicAutonomic networks networks 

PilotingPiloting planeplane

VirtualizationVirtualizationVirtualizationVirtualization
Passage to a new Passage to a new ageage
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