\ UNIVERSITAT
J);) POLITECNICA

DE VALENCIA

Multimedia delivery Using Artificial
Intelligence over SDN

Jaime Lloret

NexComm 2019

N UNIVERSITAT Universitat Politecnica de Valencia
;) POLITECNICA WWW.UpV.es -

DE VALENCIA


http://www.upv.es/

CAMPUS DE GANDIA
Associate Prof. Dr. Jaime Lloret Mauri (PhD.)

IEEE Senior, ACM Senior, IARIA Fellow

Department of Communications, Universitat Politeécnica de Valencia (Spain)
Chair of the Integrated Management Coastal Research Institute (IGIC)

Head of the Innovation Group EITACURTE

Internet Technical Committee Chair (term 2014-2015)

Chair of the IEEE 1907.1 Standard

Co-editor-in-Chief of Ad Hoc and Sensor Wireless Networks (JCR: 0.753, TELECOMMUNICATIONS)
Advisory Board of International Journal of Distributed Sensor Networks (JCR: 1.787, TELECOMMUN IONS
Associate Editor-in-Chief of Sensors, Sensor Networks Section (JCR: 2.475, INSTRUMENTS AND
INSTRUMENTATION)

Editor-in-Chief of the International Journal "Network Protocols and Algorithms"

Editor-in-Chief of International Journal of Multimedia Communications

IARIA Journals Board Chair (8 Journals)

Chair of: 18th ICN 2019, 14th ICDT 2019, 12th CTRQ 2019, 4th FMEC 2019, GC EIecEng 2019 and 10th ISAmI

UNIVERSITAT Universitat Politeécnica de Valéncia
POLITELN ICA
E VALENCIA

WWW.UpV.es


http://www.upv.es/
http://committees.comsoc.org/itc/officers.html
https://standards.ieee.org/develop/wg/1907.1_WG.html

2 UNIVERSITAT
) POLITECNICA

| DE VALENCIA
CAMPUS DE GANDIA

Publications:

http://scholar.google.com/citations?user=ZJYUEGEAAAA)

https://www.researchgate.net/profile/Jaime Lloret2/publications/

http://www.informatik.uni-trier.de/~ley/pers/hd/m/Mauri:Jaime Lloret

http://www.scopus.com/authid/detail.url?authorld=23389476400

http://orcid.org/0000-0002-0862-0533

UNIVERSITAT Universitat Politécnica de Valencia

ITECNICA
VALENCIA

WWW.UpPV.Ees


http://www.upv.es/
http://scholar.google.com/citations?user=ZJYUEGEAAAAJ
https://www.researchgate.net/profile/Jaime_Lloret2/publications/
http://www.informatik.uni-trier.de/%7Eley/pers/hd/m/Mauri:Jaime_Lloret
http://www.scopus.com/authid/detail.url?authorId=23389476400
http://orcid.org/0000-0002-0862-0533

» UNIVERSITAT
J);) POLITECNICA

V%’ DE VALENCIA
CAMPUS DE GANDIA

Introduction - University

Polytechnic University of Valencia (UPV) is a public educational institution (3
campus sites with more than 36,000 students, almost 3,000 members of teaching
and research staff, and about 2,400 administrative and services staff).

UPV combines training with research and encouraging investigation and projects,
balancing theoretical and applied research.

It has 41 departments, 40 research centres and institutes, 4,055 people involved
in research structures, 410 skills, 222 patents, 13 results, 41 software, and
offering 56 Master’s degrees and 28 Doctor’s degrees.

UPV is composed of 11 schools, 2 faculties and 2 higher polytechnic schools
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Introduction - University

Quality Metrics:

UPV is in the top 310 best universities of the world, according to the QS
World University Rankings, and it is in the position 155 in the international
patents.
http://www.upv.es/noticias-upv/noticia-10133-gs-world-unive-es.html

UPV is the best technical university in Spain, according to Shangay
University Rankings (it is in the best 400 universities of the world)
http://www.upv.es/noticias-upv/noticia-6802-ranking-de-shan-es.htil

Times Higher Education (THE) Young University Rankings
recognizes UPV in the first 150 universities of the world.
http://www.upv.es/noticias-upv/noticia-10152-the-young-univ-es.html
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Introduction — Research Institute

The Integrated Management Coastal Research Institute (IGIC) belongs to the
UPV.

http://cienciagandia.webs.upv.es/2015/01/el-instituto-de-investigacion-igic-situa-al-
campus-de-gandia-como-referente-internacional/
https://www.upv.es/entidades/IGIC/indexi.html

IGIC’s general aim is to promote and conduct scientific research of excellence on various
aspects of integrated coastal zone management.

The research of the institute is structured into three main areas:

(1) Environmental study and conservation of biological resources in coastal zones
(2) Technological tools applied to marine and coastal environments;
(3) Coastal zone planning and management.

It is a multidisciplinary Institute with 70 researchers from different areas.
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Outline

« State of the art
« Multimedia delivery Using Artificial Intelligence over SDN

e Performance Tests
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State of the art
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Current networks have much limitation due to their rigidity,
which is given by static configurations mainly based on
commands or static scripts.

The resource provisioning is less automatic and the
efficiency decreases.

Moreover, virtualization and cloud are changing radically
the traffic patterns of the data center.

This is mainly due to the communication between servers,
because the applications are split in many virtual machines
that must communicate.
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Software Defined Networks (SDNs) are able to divide the control
plane from the data plane, which allow higher programmable,
automatic and flexible networks.

In SDNs, we do not need to program node by node, but by a
centralized manner through software that can be implemented
independently of the manufacturer or the model.

SDNs provide a more open network and allow accessing better t
certain intelligent functions, which can contribute higher
intelligence to the network operating.

These features make SDNs ideal to have a system that is abl
adapt with the aim of having higher performance.
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Information gathered from the network can be used to
implement a series of procedures:

e Observing traffic patterns for different network devices or

the used protocols

e The behavior of the users and servers

e The additional information that can be taken from the
wireless networks (user movement, location, etc.).

Artificial intelligence and automatic learning can be used over
the available information.

This will allow improving a specific objective and achieve
higher system performance.
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State of the Art

Previous tests on SDN:

FRAME ETHERNET (LLC and SNP, PPPoE)

MAC HEADER DATA -

(14 bytes) (1500 bytes) (4 bytes)

FRAME ETHERNET (LLC and SNP, PPPoE) whit tunnel GRE

MAC HEADER GRE TUNNEL DATA -

(14 bytes) (38 bytes) (1462 bytes) (4 bytes)

Test bandwidth and jitter using three different MTUs:

1518 (Ethernet), 4370 (FDDI) and 7999 (WLAN 802.11).
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Previous tests on SDN (data):
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Previous tests on SDN (multimedia): BB———&—i— =
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Previous tests on Multimedia Delivery:
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Features of Intelligent Systems for Multimedia Delivery:

They must have an efficient network architecture and
communication protocol design

They use the information taken from the data frames, the
users and servers behavior, and the traffic patterns (traffic
changes, quality of service parameters, state of the frames,
etc.) with the aim of improving the multimedia delivery
performance, by self adapting in each case.
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The network infrastructure has several network devices that
gather information from the network.

This information is used to estimate some network parameters
and patterns that are used by a smart network algorithm to
evolve behaviors based on this empirical data.
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Multimedia delivery Using
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(srclP, srcPORT, dstIP, dstPORT) [class1, Npackets1] Arrayl
(srclP, srcPORT, dstIP, dstPORT) [class2, Npackets2] Array2 H2

Description

NPACKETSO Number of packets in the direction 0

NPACKETS1 Number of packets in the direction 1
FIOWTa ble LO Accumulative sum of data length in the direction 0
& L1 Accumulative sum of data length in the direction 1
FIOW ROW L02 Accumulative sum of squared data length in the direction 0
L12 Accumulative sum of squared data length in the direction 1
Formats LOMAX Maximum data length in the direction 0
LIMAX Maximum data length in the direction 1
LOMIN Minimum data length in the direction 0
L1IMIN Minimum data length in the direction 1
PROTO The transport protocol used (TCP/UDP)
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Algorithm learns using inductive inference based on
observing gathered data, automatically recognize complex
patterns and makes intelligent decisions.
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Data traffic
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Data processing
‘
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Algorithm to take decisions

Behavior prediction / actions to be done
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Then, a reasoning engine is conscious of what is happening
and will learn from the consequences of its actions to
improve future decisions.
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Zones where smart devices can be added

Intelligent Systems can be implemented in a wide range of multimedia applications.
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Real Implementations and

Performance Tests
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Lloret, OSPF routing protocol
performance in Software Defined
Networks, 2017 Fourth International
Conference on Software Defined |
Systems (SDS), 131-136. 2017,

" 50.0.0.2

60.0.0.2

~.,60.0.0.10 50.0.0.10

R4

UNIVERSITAT Universitat Politecnica de Valéncia
/) POLITECNICA

DE VALENCIA WWW-UPV-8S g


http://www.upv.es/

== o

el Real Implementations (/

POLITECNICA

DE VALENCIA
and Performance Tests

CAMPUS DE GANDIA

Convergence Time and RTT Tests
20.0.0.10 1
e A8 - ——Physical Topology

20.0.0.10 300,010 Virtual Topology
juig ' :
' 5
(1]
&

0
0 20 40 60 80 100
Time(s)
5 60.0.0.10 50.0.0.10 . I =
Stability measured in both topologies.
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Convergence Time and RTT Tests

20.0.0.10
| 3

40.0.0.10

30.0.0.10

Round Trip Time (ms)
[y
u

Physical Topology Virtual Topology

- 60.0.0.10

Round-Trip time for both topologies

R4

UNIVERSITAT Universitat Politécnica de Valencia
POLITECNICA WWW.UpV.€S

DE VALENCIA


http://www.upv.es/

e Real Implementations @

DE VALENCIA <

aveus e canos @NAd Performance Tests

Multimedia QoS test
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Multimedia QoS test

——Physical Topology = ——Virtual Topology

2000 2
1
1500 1
= 21
] -
:'; 1000 E 1
2 =
D —
500 |
’ Illll-l
0

0 1000 2050 3000 4000 5000

Sequence Number
Delay in ms. during video streaming

6000

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Loss of data bursts

Packet loss (%)

7000

Physical Topology

UNIVERSITAT
POLITECNICA

Universitat Politeécnica de Valéncia

WWW.UpV.es

00
75

N U1 N O N U
o Uuun © L1 © U»nn O

——Physical Topology = ——Virtual Topology

0 1000 2000 3000 4000

Sequence Number
Jitter in ms. during video streaming

5000 6000 7000

Average value of packet loss in %

for both topologies.

Virtual Topology

DE VALENCIA


http://www.upv.es/

== -

iRl Real Implementations g~

POLITECNICA
DE VALENCIA

cwrusoecanon @NA Performance Tests €

S Sendra, A Rego, J Lloret, JM Jimenez, O Romero, Including artificial intelligence in a
routing protocol using software defined networks, IEEE International Conference on
Communications Workshops (ICC 2017). Paris, France, 21-25 May 2017.
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Including Artificial Intelligence in a Routing Protocol Using Software Defined Networks
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M Taha, L Garcia, JM Jimenez, J Lloret, SDN-based throughput allocation in wireless networks
for heterogeneous adaptive video streaming applications, The 13th International Wireless
Communications and Mobile Computing Conference (IWCMC 2017), June 26-30, 2017, Valencia.
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SDN-based Throughput Allocation in Wireless Networks for
Heterogeneous Adaptive Video Streaming Applications
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SDN-based Throughput Allocation in Wireless Networks for
Heterogeneous Adaptive Video Streaming Applications
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SDN-based Throughput Allocation in Wireless Networks for
Heterogeneous Adaptive Video Streaming Applications
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JM Jimenez, O Romero, J Lloret, JR Diaz, Energy savings consumption on public wireless
networks by SDN management, Mobile networks and applications, 2016
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Energy Savings Consumption on Public
Wireless Networks by SDN Management
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A Rego, L Garcia, S Sendra, J Lloret, Software Defined Network-based control system for an
efficient traffic management for emergency situations in smart cities, Future Generation

Computer Systems 88, 243-253. 2018
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Software Defined Network-based Control System for an Efficient
Traffic Management for Emergency Situations in Smart Cities
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M Lopez-Martin, B Carro, J Lloret, S Egea, A Sanchez-Esguevillas, Deep Learning Model for
Multimedia Quality of Experience Prediction Based on Network Flow Packets, IEEE
Communications Magazine 56 (9), 110-117. 2018
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Deep learning model for multimedia Quality of
Experience prediction based on network flow packets
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A Canovas, JM Jimenez, O Romero, J Lloret, Multimedia Data Flow Traffic Classification
Using Intelligent Models Based on Traffic Patterns, IEEE Network 32 (6), 100-107, 2018.
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Multimedia Data Flow Traffic Classification using
Intelligent Models based on Traffic Patterns
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Multimedia traffic quality patterns extraction. Left (a), pattern based on
ISSM. Right (b), pattern based on PSNR, ISSM, VQM and NQI combination.
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Multimedia Data Flow Traffic Classification using
Intelligent Models based on Traffic Patterns
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Multimedia Data Flow Traffic Classification using
Intelligent Models based on Traffic Patterns

There are 5 labels that represent the type of
traffic during the video transmission:
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M Taha, J Lloret, A Ali, L Garcia, Adaptive video streaming testbed design for performance
study and assessment of QOE, International Journal of Communication Systems 31 (9),

e3551, 2018
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Adaptive Video Streaming Testbed Design for
Performance Study and Assessment of QoE
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Adaptive Video Streaming Testbed Design for

Performance Study and Assessment of QoE
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Adaptive Video Streaming
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Testbed name

Tested physical

Mobility

Scalability

Cost efficiency and dollar-cost
per device

QoE Method based on

QoE Metrics

Realism

Topology of the core network
(routers and switches) based
on

Cache service

Machine Learning-based
Virtual Network

Preferable segment length
Language used for describing
the simulation

VMs Operating system based
VMs Chain distribution
Network topology presented
for experiments

Description
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Adaptive Video Streaming Testbed Design for Performance Study and Assessment of QoE

Simulate testbed
Ref. [29]
1 Node
Easy
High
Medium

Only video quality
oscillation

Combine of Simulation
and emulation

Simulation

Not defined
Python

Linux

Simple

Virtualized network
testbed to perform
experiments by Mininet

Real testbed
Ref. [30]
5 Nodes
Low
Low
High

Initial delay, video stalls,
switch frequency

%100 Real

Real

Small segments

Simple

Real nodes to design real
testbed to experiment
the QoE

Simulate testbed
Ref. [31]
1 Node
Easy
Medium
Low

CPU, TCP.

Simulation
(Math. Models)
Simulation

Not defined

Simple

Simulate Platform for
mobile video streaming
using OPNET.
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Simulate testbed Ref. [35]
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Simulation
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mobile video streaming
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