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to approach jointly Future Internet
» Communications
» Documents
= Security

taking
into account
= Future Internet
= Economy
» Infrastructure
» Usage




Research Cluster at TU Darmstadt - Future Internet
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Future Internet - Communications

@ TU Darmstadt
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20xx: Research Cluster Future Internet @ TUD
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Future Internet
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Collaborative Research Projects

%7 TECHNISCHE
UNIVERSITAT
DARMSTADT

Most recently

M A ]

DFG SFB MAKI
Multi-Mechanism Adaptation
for the Future Internet

= new DFG Collaborative
Research Center

= 1. Jan. 2013 - 2017 .. - 2025

In place
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?fv LOEWE - Landes-Offensive zur
Entwicklung Wissenschaftlich-
okonomischer Exzellenz

%UQPZP House of IT “'p
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i h&f Software-Cluster
and ... Deutsche
= GKTICMO Forschungsgemeinschaft

GK Mixed Mode DFG
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DFG Collaborative Research Center
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(Sonderforschungsbereiche, SFBs) are
» long-term university research centers
» in which scientists and academics work together
= within a cross-disciplinary research program

In addition to promoting excellent research in networks,

» the development of core research areas in universities
= s an important structural objective of the program.
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Research Areas DARMSTADT
» Knowledge & Educational Technologies Knowledge &

Educational Technologies

» Multimedia Technologies & Serious Games
» Mobile Systems & Sensor Networks

» Self-organizing Systems & Overlay Communications

= Service-oriented Computing S

Self-organizing Systems & ,°
Overlay Communications {

Mobile Systems &
cniearnt Sensor Networks

is designed to support
the implementation of is primarily
distinguished by

Multimedia Technologies &
Serious Games

Service-oriented Computing
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I Mechanism Mechanism Mechanism Mechanism

Usage —— ——

i echanism echanism

Scenario Mechanism Mechanism Mechanism

I Mechanism Mechanism Mechanism
| Application |

I Mechanism Mechanism Mechanism Mechanism
I = = Mechanism Mechanism

Overlay Mechanism Mechanism

Parad'gm Mechanism Mechanism Mechanism
|
I : : .

Mechanism Mechanism Mechanism

Transport and

Network Layer ; . Mechanism Mechanism Mechanism
I Mechanism Mechanism
|

Network Mechanism Mechanism Mechanism Mechanism
Access _ _ _ _

| Mechanism Mechanism Mechanism Mechanism
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Goal and Long-term Impact

Goal: Research of
* New construction methods, models und algorithms

=to enable automated, coordinated und cross-layer
Transitions between mechanisms with similar functions

Expected long-term impacts:

»Design of a transition methodology to realize transition-
enabled communication systems

* Transition capability as an integral part of future
communication systems

» Paradigm change during design and development of
connected applications, services, and protocols

18
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Scenario
|
. W QSRI_. D
Application WAR(RAST
| Any kind
Overlay PubSub RPC
Paradigm :
Event-based Streaming
l
Transport- and TCP Broadcast UDP .
Network Layer Unicast Multicast
SCTP | | IPv4 IPv6
| .
Cellular | & ' [l(e} Mesh Ad-hoc
Network (100 < = Py -
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Usage ..
Scengrio | Transition

Application

8 -

Overlay
Paradigm Transition

Transport- and —
Network Layer Transition

Network T it
Access ransition
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5 Approach

Application Scenario:
Mobile Social Applications

Transition Capable
Required Communication System Reached
Quality (With Multi-Mechanisms) Quality
= : )
D) . D)
1 1

Environmental Conditions
(High Dynamic)
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The Concept of a Transition

>

Quality |
(reached) Reached quality
through transitions

Mechanism 1 Mechanism 3

. \ S
Mechanism 2 \".\

-
External Conditions

(Desirable) Switching between two Mechanisms

. Comparable Functionalities n Depending on the external
= But different Algorithms conditions

and Realizations = Within a communication system
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Addressing ,Cross-layer Mechanisms become ,Transition-
Transitions capable”
. - . Communic )

Coordinated Transition with status Especially study of comparable
management, planning, and mechanisms regarding their
coordination performance
Desfrec:’ B: Adaptation C: Communciation Reached

Quality Mechanisms Mechanisms Quality

A: Construction Methodology

L Methodology of Transitions —

o Research of fundamental patterns, principles,

“““““ models, and algorithms -



H2 Methodological Fundamentals for the Construction of
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Application Scenario:
Mobile Social Applications
Transition Capable
Required Communication System Reached
Quality (With Multi-Mechanisms) Quality
Model-based Environmental Conditions Realization:
(High Dynamic) » Transition

Development:

» Graph-Transformation

= Local Algorithms
- Modeling (A01)

Dynamic System Architecture

» Warm Start
-> Migration (A03)

For transition-capable Mechanisms:

= Modular = evolutionary
-> Construction Methodology (A02)

24




Project Area A:

Construction Methodology
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M. Muhlhauser

A: Construction Methodology

A01: A03:
Modeling Migration

M. Hollick K. Wehrle

A. Buchmann
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6.2 Project Area B: Adaption Mechanisms

Goal: Research on B: Adaptation Mechanisms
cross-layer
: " B02:
coordinated transitions Planning and Adaptation

Coordination Economy
as part of the adaptation cycle

monitoring (i.e. info gathering) B01: Monitoring and Analysis
- planning (includes decisions)

9 Coordination (execution of transitions) ----- pl’Oj:Ct g'::)_up
: ransition

Research questions (selection):

» How can transition related monitoring be supported cross-layer in a
heterogeneous communication system?

» How can the ,currently preferrable’ (wrt. optimization) set of mechanisms
be computed und enabled (by means of cross-layer coordinated transitions)?

= How can ,currently preferrable’ sets of mechanisms be self-organized?
» How can the full cross-layer adaptation cycle be conceptualized and realized?

26



Project Area B: Adaption Mechanisms

B: Adaptation Mechanisms

B02: B03:
Planning and Adaptation
Coordination Economy

™ N. Akchurina

M. Mihlhauser D. Hausheer

S. Santini  A. Schurr R. Steinmetz
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Goal: Investigation of transition-aware communication mechanisms
from different views on the communication system

‘ C04: User-centric view ‘

‘ C02: Informations-centric view H C03: Content-centric view ‘

‘ CO01: Network-centric view ‘

Scientific questions (extract):
» Performance of comparable mechanisms with different external conditions?
= Between which mechanisms and how can a transition be performed?
» Which interdependencies exist between mechanisms?

28
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CO03: Content-centric view —
Adaptive Video-Streaming

Anwendungsszenario:
Mobile soziale Anwendungen

C: Communication mechanisms

Transitionsfahiges Kommunikationssystem -

Einflussnahme

Angestrebte B: Adaptions- Erreichte
Qualitét mechanismen T R— Qualitéit

. . \
\d \J ~
~

A: Konstruktionsmethodik

Rahmenbedingungen

W. Effelsberg R. Steinmetz

KOM — Multimedia Communications Lab 29
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Motivation
» Increasing dissemination of videos, |
especially on mobile terminals Application
= Available resources are scenario
heterogeneous and strongly fluctuating |
|
= Beneficial distribution structure for videos is unclear: Application
= Client/Server?
» P2P-Streaming?
= Caching at Web?
m Overlay
. . paradigm
= Adaptive Video-Streaming leads to

transitions in the network, e.g.
= Client/Server > P2P
= UMTS/LTE - Ad-Hoc-Network

Goal

» Dynamic adaption of video streaming
with respect to the external conditions by means of
transitions

Transport and
network layer

Network
(access)
|

30



C03: Adaptive Video-Streaming
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1. Project aspect: Network
related adaptation of the video
quality with MPEG-4 SVC

spatial
A
HD QO
HD 6 fps
SD Q0 SD Q0
SD 6 fps 12 fps
felg
CIF CIF CIF N
CIF Qo Q012 | | Qo024 [ N
6 fps fps fps 0\}
>
6 fps 12 fps 24 fps

temporal

2. Project aspect: Transition
between distribution structures

31
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C03: Adaptive Video-Streaming ) UNIVERSITAT
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3. Project aspect: Optimisation of 4. Project aspect: Preloading for
server capacities a short start delay

32
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Video Streaming and Adaptation

Adaptive video codecs essential to enable adaptation
= At the receiver (and sender) - adapt to dynamics
» In the network - react to congestions and bottlenecks
= Objective QoE considerations (receiver) - consider impact of adaptation

1. Quality adaptation 2. Media-aware 3. QoE-aware
using SVC Networking Quality Adaptation

Router ____.y@

Content delivery
servers
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C04: User-centric view —
Flash crowds as a cause for network transitions

Anwendungsszenario:
Mobile soziale Anwendungen

C: Communication mechanisms

Transitionsfahiges Kommunikationssystem -
-
Einflussnahme
Angestrebte B: Adaptions- Erreichte
Qualitat mechanismen Erfassung Qualitét
i i S~
~
~
A: Konstruktionsmethodik

Rahmenbedingungen

W. Effelsberg M. Low T. Strufe

KOM — Multimedia Communications Lab 34
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C04: Motivation and Goals

Motivation:
= User concentrations lead to increased requirements for communication networks
» Automatic and network supported recognition and explanation of concentrations
= |dentification of flash crowds as an example for urban concentrations

Goal: Explanation, prediction and technical realisation
» Analytical concatenation of the real space and the cyberspace
= Analytical concatenation of the social and the technicality
» [nvestigation and modelling of user motivation, user groups and user routines

35
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C04: Approach

Trend analysis and interpretation of
messages in social news networks

» Collection of aggregated social media
news

= Trend analysis to detect hot spots

Analysis of the motivation and
dynamic of flash mobs

» Participating observation of flash
crowds

» Interviews with participants in
Stuttgart and Leipzig

Video analysis of flash crowds in two
cities
= Recording with several cameras

= Automatic content analyis of flash
crowds

36
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Project area C:
Communication mechanisms

‘ CO04: User-centric view

M. Low W. Effelsberg

A. Buchmann
‘ C02: Information- C03: Content-

centric view centric view _
V=~ &
‘ CO01: Network-centric view ‘ ;

T. Strufe

R. Steinmetz

W. Effelsberg

N,

R. Steinmetz A. Klein M. Hollick
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7 Transition: Basic Research Questions
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= How can T.-related monitoring be
done cross-layer?

= How should a T. happen?
= Where is it efficient to perform a T.?

= Who decides in a distributed
environment?

= When does it pay off to make a T.?
= How can aT. be forced?
= How high are the costs of a T.?

= What is the status information of a T.?

= How can T.-approaches be
generalized?

= How to avoid loss of state
information due to a T.?

Why is a mechanism more suitable for a
T. under a certain environmental
conditions?

What are the interdependencies
between different multi-mechanisms?

How can a T. be done cross-layer? How
local and how distributed?

How is a high quality possible? Through
which T.? Under which environmental
conditions?

How long should a T. last? And why?

How should a T.-capable system idealy
look like?

How can one reduce the complexity of
aT.”?

How can modeling of topologies und
local optimization during a T. be
performed?
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Usage of the Internet
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Example: Network Impact of the iPhone Evolution
Network Load changes due to End-Device Evolution

iPhone 4/i0S 5

* 50% increase in signaling over iPhone 4/i0OS 4 due to
iCloud, iMessage, SIRI

iOS 6 OTA Update

e 10-35% updated their iPhone OTA
» 25% more iPhones used the network on that day

iPhone 5

¢ iPhone5 performs 27-58% faster on 3G UMTS than iPhone4
e iPhone5 performs 14% faster on 2G GPRS than iPhone4

iOS 6 on iPhone 4/4S

e Delivers 24-33% increase in performance over iOS5 on
UMTS networks

Slide 4 - Markus H

jofmann COPYRIGHT (& 2013 ALCATEL-LUCENT. ALL RIGHTS RESERVED.

BellLabs

millionen-downloads-ios-5-sorgten-massiven-datenverkehr-internet-bild-wikipedia9157.jpg
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MAKI — Multi-Mechanism Adaptation
for the future Internet

Constant Change...

,The principle From Heterogeneity and regular Ve
indefinitely. ., Change as a Problem...

RFC 1958: Architectural Principles of the Internet

Goal: Research of

rithms

= New construction methods, m MAK'
= to enable automated,wansitions between
mechanisms with similar functions

B |
... to Multi-Mechanism Adaptation through

. continuous Transitions as Solution Possibilit

e 3 i < ot \J \J

A: Construction Methodology
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Prof. Dr.-Ing. Ralf Steinmetz
Dept. of Electrical Engineering and Information Technology
Dept. of Computer Science (adjunct professor)

Ralf Steinmetz@KOM.tu-darmstadt.de

Rundeturmstr. 10 Phone +49 (0) 6151/166150
64283 Darmstadt Fax +49 (0) 6151/166152
Germany www.kom.tu-darmstadt.de
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