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Pathways to Next Generation Networks

» Boom of Next Generation Network Projects

=  Growing funding and diversity

= Growing number of testbeds & experimental facilities

= Virtualization efforts of most areas in networking and applications
= One network or a polymorphic “network of networks”

» The G-Lab Experimental Facilities

= Concept and project structure
= Some exemplary results

» Future network: quo vadis?

Emerging trends
= One network or polymorphic networks
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Next Generation Network Experimental Facilities
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Testbeds and experimental facilities

analytical
studies

< Phuoc Tran-Gia

experiment-
driven
research

generic
testbed &
experimental
facilities

v

adaptable
testbed &
experimental
facilities

dedicated
testbeds

University of Wiirzburg

Institute of Computer Science

i3



Test cases and Federation of Experimental Facilities

Test Interfaces
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Purpose of experimental facilities

Possible Future
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Search for
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approach
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Slice Concept
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Federation: current situation

» Situation
= many generic testbeds
= very few Test Cases and interface to testbeds are well-defined
= most Test Cases can be tested locally, or investigated using simulation or analytic
approaches
= federation concepts, when exist, are not use-case oriented

» Chalenges
= bringing users to the testbed, easy-to-use guideline for future potential users
= deal with scalability questions, combine with other analysis methods
systematic use-case design and federation concept

= define use-cases to show interworking possibility of existing test-beds
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Measurement, Simulation, Analysis
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Pathways to Next Generation Networks

» Boom of Next Generation Network Projects

=  Growing funding and diversity

= Growing number of testbeds & experimental facilities

= Virtualization efforts of most areas in networking and applications
= One network or a polymorphic “network of networks”

» The G-Lab Experimental Facilities

= Concept and project structure
= Some exemplary results
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Example: G-Lab project objective and pathway
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G-Lab Timeline

G-Lab
Phase 2
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G-Lab Phase 1 Project Structure
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G-Lab Experimental Facility 2008

Homogeneous hardware

6 Sites

Minimum of 25 nodes per site
Central in Kaiserslautern
Around 170 nodes
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G-Lab Experimental Facility 2009

10 Sites

Central in Kaiserslautern
Net nodes

Sensor nodes

Mesh nodes

vvyvyvVvyy

PlanetLab nodes
Multi-hop IPv6 based on Contiki OS

\ A 4

B Phase 1 partner & m
B Phase 2 partner
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G-Lab Experimental Facility 2010

v

All nodes: managed over ILOM

» Power supply: power consumption can
be queried remotely

» Predefined boot images

= Planet-Lab 6. @ e Covon Nagios' Nag@Vis NAGIES  Freaveos
= Hypervisor virtualization (Proxmox) Nag@Vis |someme [ism S S
= Custom boot image - B :
» G-Lab Topology Management Tool - ol
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» Multi-hop IPv6 based on Contiki OS s 6 @ @ e o m
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» OpenFlow
» Energy-efficient node management TR
» Enhanced monitoring capabilities ' EE =gasgams:
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G-Lab Structure

Advisory Board

gFcering Board
(e.g. reai®W®, Workshops, coordination, research work)

Hisashi Kobayashi Phuoc Tran-Gia (coordinator)
Peter Freeman Tanja Zseby

Kurt Jaeger Peter Domschitz

Daniel Karrenberg “roectl | Marco Hoffmann

Max Lemke (Observer)

! Paul Muller (Tech

juelsiIssy

Technical Board

(e.g. software versions, interfaces, technical agreements)
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G-Lab Phase 2

COMCON (Control and Management of Coexisting Networks)

= Nokia Siemens Networks Industry ]

= DoCoMo Eurolabs Industry Provider and operator-grade management
= |nfosim SME and control of virtualized networks

= University of Stuttgart University

= University of Wirzburg University

VirtuRAMA (Virtual Routers: Architecture, Management, Applications)

" Thomson Industry Facilitated setup and management of
» Lamdanet SME e ;
= University of Hannover University e e e s e Dl SOTIHONS IS
= Technical University Darmstadt University
FoG (Forwarding on Gates) —— Future Internet architecture with forward
= Technical University llimenau  University plane based on functional blocks
NETCOMP (Network-Computing for the Service Internet of the Future)
= Alcatel-Lucent Industry Efficient utilization of network-connected
= University of Bremen University computing resources

CICS (Convergence of Internet and Cellular Systems)

= Qualcomm Industry Develop architectures and protocols to
support mobility and QoS
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G-Lab Phase 2

» HAMcast (Hybrid Adaptive Mobile Multicast) Robust service access allowing group

= HAW Hamburg | University applications to run over every technology
= The unbelievable Machine Co. SME

» Deep (Deepening G-Lab for Cross-Layer Composition)

» Fraunhofer Fokus Research Institute
» Technical Univ. Kaiserslautern University j Innovative composition-approaches for
u TeChnicaI UniV. Bel’lin UniverSity Cooperation between network and
= University of Duisburg/Essen  University services with the focus on security

» Real-World G-Lab
= Coalesenses SME
= University of Labeck University Development of various technologies to
. FH_Lch_eck _ Un@vers@ty j enable the “Internet of Things”
= University of Braunschweig University
= FU Berlin University

» Ener-G (Energy Efficiency in G-Lab)
= AKT Infosys SME Exploration of energy-efficient operation
= University of Passau University of the Future Internet and extension of G-
= TU Kaiserslautern University Lab with aspects of energy efficiency
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Memorandum of Understanding

» Goal
= federation of experimental platforms
= exchange of software
= cross-promotion and joint research
= exchange of students

» MoU of G-Lab and OnelLab 2 DneLab —

= Status: signed FUTURE INTERNET TEST BEDS
' National Institute of
> MoU of G-Lab and PlanetLab Japan 2Z NICT ===
= Status: sighed ARART )
$i s
» MoU of G-Lab and GENI et
= Status: sighed g?ﬂ!
)
» MoU of G-Lab and PlanetLab US H{@-I*_
=  Status: Signed PLANETLAB
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Why do we need a new Internet routing?

» BGP table sizes seen at one router (07.1988 — 01.2011)
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Current Internet Routing

Subnet 199.239.136.0/24 moved
Routing table size explodes

Provider | Provider Il

139.0.0.0/8

: Multihomed user
Company B

Company A
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ID-Locator Separation
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Test cases and Federation of Experimental Facilities

Test Interfaces

Test cases Il TI I p» Federated test case
(TC) T I
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L I |
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ve ' ' distribution network
111 T = |
| |
A T B 1 = MBs and MRs located
I OnelLab— |, .
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FIRMS Implementation in G-Lab

-

| <] FIRMS
i1 201K 29[y Del I IO -
a L
'@‘ Regional Internet Registry 1 BUIRT)dULUWU O O
AT (170]tam) (04 0/turm) .
i . Euroview 2010
'.' Map Resalver [O50]kit) (0 Olkit) 2
os6{usl; : (14000 @) =L} R
O wap Bese . - {030}tum}
(0ET|ukl) (112K
@ iractive node © (027 1uk) (130):it (CA0[um]
(C3D|kith O {130fturm)
(055IUkl o (IS0 turr)
(caap (026 |ukly [050[tur)
. (OF0rY
[028[LKD {DOSIUKE
(U5 [UK)
(025 uk) !
(naal m;O (e} {004kl
(024]uk) (002K (006K
(052Juk) e S d“
otoamum:. dnumum (C53IukD)
(D21 Jukl) {122Juk) (02
(J50 u<l) o
031 kD) O(U[]Qlukl: 020]uk)
) (C1 (UKD
dg1g|uk|} (N7 [k
(D3BIUKD)
.o. {01 FIukl)
(012 |ukf)
(03Z|UKD)
ELIN)
(037 ]uk) (mﬂ““)dl]ﬂl.lkl)
026|uk)

(035 |ukl)

(01 4]ukl

www,german-ab.da

Phuoc Tran-Gia

University of Wiirzburg
Institute of Computer Science E



Julius-Maximilians- .
Institute of Computer SC|ence
UNIVERSITAT i oo O T X 3
WURZBURG Prof Phuoc Tran Gia

Example
Project SmoothlIT (FP7)

@ Federal Ministry
3 of Education

and Research

www.german-lab.de



Test cases and Federation of Experimental Facilities

Test cases
(TC)
» Problem statement
e = |nter-AS traffic increases ISP costs
TC » Highest percentage - P2P traffic
» Idea
c  H— . .
= | ocation-aware P2P client
Tc = Prefer peers from same AS
» First experiments
PrriveTee > = | ocal tests at PrimeTel with real users
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Test cases and Federation of Experimental Facilities

werw,german-ab. da

Test cases
(TC)

TC

Test Interfaces

(T
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TI
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TI b de
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Test-Bed Provider (TBP)
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Middir o erExonaeva

» Extension of experiments

= Validation of approach within
extended testbed

= Perform first locality tests
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Test cases and Federation of Experimental Facilities

Test Interfaces

Test cases Il I I » Final evaluation
(TC) B |
| |
T H—] : = Large-scale testing
TC - ' '
_\‘:“(T'__ 1 = Multiple ASes (e.g.
: Test-Bed Provider (TBP) : G-Lab and Onel—ab)
TC i : Federation =
: Control : » Outcome
TC I I
—:——' T — : = Problem identification
T — |
d = R etan = | = Optimize simulation
PRIVMETEL > ] , and analytical models
e meil — |
| |
I Test-Bed Provider (TBP) ||
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Federated Test case Scenario w

» Test case objective
= Percentage of inter-AS traffic

OnelLab—

FUTURE INTERMNET TEST BEDS

PLANETLAB

P2P-clients

P2P-clients

P2P-clients
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Pathways to Next Generation Networks

» Boom of Next Generation Network Projects

=  Growing funding and diversity

= Growing number of testbeds & experimental facilities

= Virtualization efforts of most areas in networking and applications
= One network or a polymorphic “network of networks”

» The G-Lab Experimental Facilities

= Concept and project structure
= Some exemplary results

» Future network: quo vadis?

Emerging trends
= One network or polymorphic networks
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Classical Idea of Content Distribution

» User-created content

Internet

content

content
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Concentration of Content

. Nun T . . .
Clobal Transit Con 8{.:{,%&%&% fHWmdowsAzureﬁ\
GIObaI National N “Hyper Giants” (Akamai
Internet Backbones XAHOON timelight
Core Y
Regional/
Tier 2
Providers
Customer IP
Networks
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Concentration of Content

» Concentration of content

NINg
“iif amazon . o
Goog[e %7 webservices" EH Windows Azure
@ content C?ent

content
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Human cloud vs machine cloud

machine cloud _
cloud computing
provider

project/
task

Crowdsourcing
(intercloud outtasking)

crowdsourcing
platform
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Network-aware Application Design
or
Application-aware Network Design
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Network & Application: a never-ending tussle

» A never-ending tussle: Applications & Networks
= Research orientation: Applications or Networks
= Can we design advance applications without knowing the underlying network?
= Can we design future networks without caring about possible application?

» Application-aware Network Design
= Network design should be adaptive towards application
= |nter-application control and network design necessary
= Composing a network for a QoE-aware application

» Network-aware Application Design
= Application design has to take network features into account
» Performance problems with network-agnostic applications

University of Wiirzburg
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Network-aware application design: appl.-layer flow control
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YouToube Video Voice over IP istribution

Application layer
flow control

yipimpueg

Network aware
application design

Network
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Emerging protocol architecture

Layer Model

Social
Network

Users

P h y S I C aI S
Network
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Network,

control and applications

Application & Application 1 Application 2 o Application n

Plattforms

Standardized Application Programming Interface (API)

Interface

Heterogenous
Network

\ L/
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Applications & Networks

[ Application ]

application- network-
aware aware
network app_lication
design design

Network
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Moving towards Next Generation Networks

C-\pplications )

v v
F I
Internet Adapted Testbed I Evolved Internet ‘
Today 5 years 10 years
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Thank you for your kind attention!
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