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Advances in communication networks:
The human switch
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Advances in communication networks:
The perfectly engineered Telecommunications Management Network

o

Human switch
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Advances in communication networks:
A perfectly simple Net

Diverse global services

1= General-purpos

transport

Diverse physical transmission media

Human switch
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Advances in communication networks:
The (unsuccessful) re-engineered IP

Diverse global services

TCP/IP

QoS, DiffServ, MPLS, ...

Diverse physical transmission media

Human switch
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Advances in communication networks:
The Java syndrome

Re-

engineered IP
TCP/IP

Human switch
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Advances in communication networks:
Everything in the cloud
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Advances in communication networks:
Triumph of the Apps and “near”-ubiquitous connectivity

Java  Triumph of the Apps
syndrome

Re- englneered

TCP/IP
™
IQ:
| =
I

Immense diversity of core
and access networks

Human switch
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Human switch
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Advances in communication networks:

Java
syndrome

Re-engineered

P
Immense diversity of core
and access networks
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=

Triumph of the Apps
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Multi-dimensional evolution

Any application
on any terminal

‘ Any application
in the Cloud

Communic. is
. spontaneous,
on-demand,
erratic and
opportunistic

‘ Real-time

Slide 9

services over
best-effort Net
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Immediate scenarios to deal with

Massive routing

. networks
(anything can
route)

Ultra-complex
@ contextual
combinations
(terminals,
apps, content,
preferences...)

Huge range of
. dynamics

(anything can

change)

— Ubiquity
‘ . beyond the

managed
infrastructure
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... these translate into unavoidable research
riddles ...

1) Heisenberg’s indetermination principle hits the network
= How can we monitor these massive, ultra-dynamic networks?
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... these translate into unavoidable research
riddles ...

1) Heisenberg’s indetermination principle hits the network
= How can we monitor these massive, ultra-dynamic networks?
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... these translate into unavoidable research
riddles ...

1) Heisenberg’s indetermination principle hits the network
= How can we monitor these massive, ultra-dynamic networks?

Frtara)
"| don't have a big screen, |
I'd prefer voice interaction” |
[ )
['SLA Monitoring |

E Terminal capab

VoiceXML
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... these translate into unavoidable research
riddles ...

1) Heisenberg’s indetermination principle hits the network
= How can we monitor these massive, ultra-dynamic networks?

o)
[t potes )
o}
[Eoemomes )
[Eozuanomo)

Terminal capab

Offline QoE
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... these translate into unavoidable research
riddles ...

1) Heisenberg’s indetermination principle hits the network
= How can we monitor these massive, ultra-dynamic networks?

[Passive probes |
|_Active probes ||
Polling |
TCP/IP
|_Eventbased ||
SLA Monitoring I
Terminal capab I
) - - Offline QoE
Perhaps we shouldn’t try to monitor in the _|

conventional way.
No Monitoring

Time to look at new monitoring paradigms
Technische Universiteit
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... these translate into unavoidable research
riddles ...

2) The possibility of human intervention Business View
SLAs, Processes, Guidelines and Goals
onto networked system becomes
very limited I
= How can we translate high-level
. . System View
business goals and orchestration Device and Techonology Independent
policies

onto the network?

Network View
Device-independent, Technology-Specific

1CV- I Device View
Policy bgsed mgnagement is e A p—
still reflecting the
conventional management
. . Instance View
vision: Instance-Specific Operation
we need to have solved the
It of i The policy continuum.
monltonng prOblem fIrSt Source: Prof. P. Demeester, IBBT-U Gent
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... these translate into unavoidable research
riddles ...

3) Self-management is probably the only Austria hers
way to go forward Japan 2% 1%
=> Can we really expect the network to 4%
stabilize and survive? France

Australia
23%

5%

The relentless clash between [cermany
overlay and underlay networks

5%

Canada 15%

Finland

[
Sweden 11% 2%

USA
1%

Croatia 3%

Portugal 3%
Norway 4%

Denmark
11%

Romania 5% Average upload from

Oy
Portugal 7% U 21% UK host: ~60 Kbps
South Africa J Average download Technische Universie
p 10% onto UK host: ~600 Kbps TU/e som i,
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... these translate into unavoidable research
riddles ...

4) The network must make sense of complex context and respond adaptively:
autonomic networks and autonomic management
=> Will distributed ML and distributed data mining work for autonomic networks?

Router with cognitive engine

Learned rdles i Cognitive - Control
Current router design and decisipns : | Engine m :
-------- é;l‘l-t-l'-o_ln data dedsions;
Routingirffo | Routing E Rquting info Routing rfo | Routi g a
- Engine v h :| Engin v
N O —> | i . i
Pacet Pdcket packet i :
Forwarding E"giﬁ Forwarding
Engine
Data Data

A cognitive routing system according to FP7 ECODE (Experimental Cognitive Distributed Engine)

Substantial skepticism in the NM community about Al:
How can we know whether the system is doing what is supposed to do?

Prof What do we do if things go wrong? ®

... these translate into unavoidable research
riddles ...

5) The network must learn how to deliver quality of experience (QoE).
= The networks of today cannot even manage QoS

QoS researchers might be * QoS processes do not consider the
aiming at the wrong target users’ perception of services
= The provision of QoS conditions
does not guarantee a satisfied user

= The outcome of QoS processes is quite
often
= The over-provisioning of network
resources
= A lack of knowledge regarding the
user’s satisfaction

= QoS management is predominantly

= open-loop
= off-line
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Before we see how network might handle QoE
let's see how well humans understand QoE
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Objective measurements show a clear difference

between different types of video
News clip Sport clip

Original
Clips

Difference in
Temporal
Motion
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But if we want to capture a real set of contextual variables
(terminal, network, people category, etc) we need subjective tests

Mokt Accept
Technische Universiteit
o . T U e Eindhoven
Prof. Antonio Liotta <a.liotta@tue.nl> University of Technology

What is the acceptability threshold of these two
“degrading” videos?

Segme [ Time Video Audio Frame Image

nt (secon Encoding Encoding Rate Size
ds) Bitrates Bitrates (kbps) (FPS) (Pixels)

(kbps)

1 1-5 285 32 20 320X240
2 6-10 224 32 15 320X240
3 11-15 128 32 10 320X240
4 16-20 96 32 10 320X%240
5 21-25 64 32 6 320%X240
6 26-30 32 32 6 320X240
7 31-35 21 32 6 320X240
8 36-40 16 32 6 320X%240

- Every five seconds we degrade the video
+ We asked people to indicate WHEN the video becomes
unacceptably bad

+ We repeat for 11 different videos, 3 different terminals to
assess the influence of more variables (but in reality there are
many more)
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What is the acceptability threshold of the following two
“degrading” videos? — “News”

BIB|C
news

CONSEAVATIVE EL ARE CAMPAGGNING ON EDUCATION TODAY - T

What is the acceptability threshold of the following two
“degrading” videos? — “Football”

14 0-0 KA 1:04 | a .
TRAIKER TRAIKER TRAIKER TRAIKER TRAS
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What is the acceptability threshold of the following two
“degrading” videos? - results

High tolerance """ ™™ "™ 5**| ow tolerance
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120 o
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Cartoon Comedy

Acceptability Thresholds
(kbps)

News Romance Music Top Gear Music Action Video Football ~ Cricket
Movie Video Concert  Movie Game
Contents

One quality = different perceptions

Prof. Antonio Liotta <a.liotta@tue.nl>
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A bit of discriminant Analysis on the subjective responses

This content is
more sensitive
to frame rate

Prof. Antonio Liotta <a.liotta@tue.nl>
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Tricks of the brain

@ Desending Series DOAscending Series

Low tolerance High tolerance
] J[ -
T T T T f
T T

L o]

COMEDY ROMANCE CARTOON NEWS

Acceptability
_ threshold

CRICKET ~ ACTION FOOTBALL VIDEO MUSIC  TOP GEAR  MUSIC
MOVIE GAME ~ CONCERT VIDEO

MOVIE
Contents
One quality = different perceptions
Technische Universiteit
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Which of the following two videos has better quality?
1) The “pedestrian area” video

hauser Sir

Source: K. Seshadrinathan et al. “Study of subjective and objective quality assessment of video”. IEEE Trans. Image
Processing, Vol.29(6). June 2010. (Full image data base available online: http://live.ece.utexas.edu/)
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Which of the following two videos has better quality?
2) The “station” video

Source: K. Seshadrinathan et al. “Study of subjective and objective quality assessment of video”. IEEE Trans. Image
Processing, Vol.29(6). June 2010. (Full image data base available online: http://live.ece.utexas.edu/) Technische Universiteit
TU/e Eindhoven
University of Technology
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Both videos are encoded exactly in the same way
but the “pedestrian” one is “perceived” as worse

E. gg: b /X\ —:;daestrian
g 0.02 //// \\\\ —Station
2001 - / N

O -

10 30 50 70 90 110
Differential Mean Opinion Score

+ On average the “pedestrian” video
was perceived worse compared to
“unimpaired” reference

- But the overlapping Gaussians
indicate that many subjects actually
had an opposite perception of
quality

* It’s all about human perception, but
even humans cannot agree
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Subjective test on 150 impaired videos show a huge
variation of perceived QoE

Pedestrian Area . . . . . . . . . 0 .
Riverbed | . [ e 1 o ] . | . | e . | @« [e [ e[ o] o[ o [ .
Rushhour ° .
Tractor 16 . .
Station . 0 .
Sunflower 7 0 .
Blue sky 3 * . .
Shields c 14 - o . o [
Mobile and ¢ g_ RN . . .
Park run W 0. * * * . 0y
Q *®e
212 - . + TS ? 4 LM PEG]MPEG2
‘s * ®, * 700kbps
te teh 2O 0 8 ¢
S 2 o ?0 *e : S0 1Y *
< °
£ 10 ¢ PNt et *
© .0 ¥, R o o .
a AR L JUUPUIN . 0'. o0, é e °
3 o . < .
8 * RE 2ad .
T * o * o o
% * -
.
[ * *
g 6 .
(%]
4 } } i
20 30 40 50 60 70 80 90
Differential Mean Opinion Score
Analysis by V. Menkovski (TU/e) based on data accessible at http://live.ece.utexas.edu/ T U TEeIcPd\r;‘ische Universiteit
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So far we have established that we, the humans, don’t
have a good grasp of QoE perception

Perhaps we should look at the QoE-delivery
issue from new perspectives

| believe that that machine is
“the network”

Technische Universiteit
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Networks are in the best position to make
clever correlations

« Every terminal / sensor is a network element

* Most nodes are able to sense at least their immediate
neighborhood and also their environment
(integration with sensors)

* There are tools to gather
» session-level information
* terminal-level information
* user patterns

Most nodes (except the simplest sensors) are able
run simple ML algorithms

Technische Universiteit
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Networks can easily build accurate / self-learning
QoS-to-QoE mapping predictions

100

.|.|..u..|||||llll"!!E!!:::::::::::::::::::::::::::::::::::iﬂi:iiiiii%iii:?»ﬁ":::@'l-
'::"in i yr

95 |

920

Tt
I||||"l||||||||||||||||

85

80

75

Accuracy

70

Old conditions New conditions

65

60

55

50

10
70

130
190
250
310
370
430
490
550
610
670
730
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910
970
1030
1090
1150
60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140

Discrete Time Slots

Accuracy vs. number of introduced datapoints for the OzaBag
HoeffdingOptionNB Adaptive Tree
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We want to minimize resource consumption
but be sure that QoE is unaffected

Action movie on mobile phone
500 ——— 25fps 384 kbps
Without QoE
2 400 1 —— = With QoE
< 300 ’ EN
£ \.— -~ "N\ -
S 20 fps 256 kbps .
2 i
[
©
i |
O T T T T T T A
0 25 50 75 100 125 150 175 200
Time (seconds)
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We want to minimize resource consumption
but be sure that QoE is unaffected

News clip on mobile phone
600
—— Without QoE, 384kbps 25fps
— 500 A- — — QoE-aware, 128kbps 8fps
a [\ /\/\/ - - - QoE-aware, 64kbps 8fps
£ 400 N/ ~
< / \/\\/\
5 300
3 13.59 in
2 200 3.5% Ga
© —_——_ N _ T T =
@ 100 e —
o ¥ 17.5% Gain \\
0 25 50 75 100 125 150 175 20
Time (seconds)
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One day networks will ...

+ Make sense of what happens around them

* Understand and manage the QoE perceived by the
end users

- Adapt to whatever happens without generating
instability

and fill the gap between
“automatic” and “autonomic”
behavior
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Good prospect for research jobs

There is still a lot to explore. Autonomic self-
awareness requires:

* Means to gather subjective QoE data automatically
- Effective “feature” monitoring techniques

* To understand how to apply distributed ML to
networks

* Network “actuators” (formerly QoS mechanisms)
- Evidence about stability, reliability, optimality, ...

* Develop high-level management and orchestration
tools (manage / influence the autonomics)

- Business and economic models
* Regulatory obligations
* ... and much more
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The ultimate switch... quite a few decades ago.
The “switching & routing” paradigm has not changed that much

TNO Offices — Delft, The Netherlands TU / Erdnovan el
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Thank you !
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