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Trend towards Quality of Experience

 Increasing competition among Telco‘s and ISPs, among application 
and service providers, among cloud providers

 Keep customers happy, attract new customers 
 Quality as key differentiator, but only as experienced by end user

 Shift from Quality of service (QoS) to Quality of Experience (QoE)
 QoS: packet loss, delay, jitter, …
 QoE: subjective experience/satisfaction of users of a service

 Example: web user interested in short page load times
VoIP user interested in speech quality
video user interested in video quality and smooth playout
w/o interruptions

 What are key QoE influence factors and appropriate QoE models? 
 How to monitor QoE? How to optimize QoE?
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Internet video
Online gaming
Web, email, and data
File sharing
VoIP

Observations

 Importance of Internet video 
streaming is increasing
 Related work on video QoE 

mainly covers video quality 
degradation, e.g. artifacts

 Missing QoE model wrt.
stalling instead of quality 
degradation

 Application and network are 
not communicating 
 missing information for optimized transmission
 missing interfaces and languages for network description and 

QoE/application requirements

Source: Cisco Visual Networking Index: Forecast and 
Methodology, 2010-2015

YouTube accounts
for 10% of all global
Internet traffic 
(20% of http)
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Problem Formulation

1) How to model YouTube Quality of Experience?

2) What are requirements for optimal video transmission with respect 
to QoE and network costs?

3) How to exchange information between network and application?

4) How to implement dynamic network stack based on requirements?

1) QoE
2) Information Network

4) Dynamic

3) Exchange
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QoE Issue: Waiting, Waiting, Waiting…

Stalling
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Stalling Pattern in case of Bottleneck Scenario

 A bottleneck link throttles the download capacity to a fixed bandwidth
 Stalling patterns of YouTube with bottleneck link scenario
 Large measurement campaign: Capturing on application layer

 Stalling occurs at regular intervals of equal length
 Input parameter for subjective  user studies
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Key Influence Factors on YouTube QoE

 Statistical analysis and sophisticated statistical tools, like support 
vector machines used to derive key influence factors on QoE

 Interesting: no correlation
of QoE and 
 video characteristics like

resolution, type of content,
ratio of audio/video, etc.

 users preference, 
whether they liked video

 demographical features

 Stalling frequency and
stalling duration determine
the user perceived quality
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YouTube QoE Model
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 Lab studies with UniWue’s CrowdSourcing and at FTW’s i:Lab
 Mapping functions between MOS and stalling pattern, i.e. event 

length and the number of stalling events, are provided

 Users only accept almost no stalling or only short stalling
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Problem Formulation

1) How to model YouTube Quality of Experience?

2) What are requirements for optimal video transmission with respect 
to QoE and network costs?

3) How to exchange information between network and application?

4) How to implement dynamic network stack based on requirements?

1) QoE
2) Information Network

4) Dynamic

3) Exchange



10
Tobias Hoßfeld

Video Bit Rate as only Information for Transmission

 No stalling although the video bit rate V > network bandwidth B
 reason: initially buffered video data (and actual video duration)

 Stalling occurs, if V>B

 Stalling sometimes occurs,
if V<B   reason is
variability of video codec

 Consequences for
 monitoring
 QoS provisioning and

resource management
 Dimensioning

 Transmission with video bit rate not sufficient to avoid stalling
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Initial Delay

 Avoid stalling by increasing
 network bandwidth 
 at cost of network provider

OR
 initial delay 

at cost of customer‘s 
experience

 For given video and bandwidth B,
initial delay can be computed 
to avoid stalling

 Implementation easy for embedded videos, see 
http://www3.informatik.uni-wuerzburg.de/staff/hossfeld/yt/hosstube.shtml?s=15

initial delay
announced to user

initial delay allows
buffering of video
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Problem Formulation

1) How to model YouTube Quality of Experience?

2) What are requirements for optimal video transmission with respect 
to QoE and network costs?

3) How to exchange information between network and application?

4) How to implement dynamic network stack based on requirements?

1) QoE
2) Information Network

4) Dynamic

3) Exchange
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Exchange of Information: 
Approximation of Video Characteristics

 Initial delay depends on individual video and available bandwidth
 Optimal initial delay requires size for each frame  overhead
 Sizes of key and inter-frames described statistically  overhead--
 Approximation of initial delay with simple (or more sophisticated) 

equations

 Approximation works only for 3/4 of the considered videos

B ~ Norm(0, NG (σk
2 + Ni σi

2))

25% videos
stalled

Fitting with t-location scale
distribution
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Scene changes have to be considered!

 Scene changes may lead to significant changes of video bitrate 

 Options for improved 
approximation
 Statistical description of 

frame sizes per scene
 Complex frame size 

models taking into 
account correlations 
across scenes

 But: YouTube videos are short! 
 Specify sizes of all frames in meta information of video file
 Define Application-Network Interface
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Problem Formulation

1) How to model YouTube Quality of Experience?

2) What are requirements for optimal video transmission with respect 
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GAPI: G-Lab App-to-Network Interface

 Move network knowledge from app
to network

 GAPI: Requirement-based API
 No protocol knowledge
 No addressing

GAPI 

FoG
(TU Ilmenau)

SONATE
(Uni

Kaiserslautern)

NENA
(KIT)

Others
Others

Network Stacks

Functionality below API
• Name-to-address resolution
• Protocol selection
• Protocol parameterization

Application

Effect Operator Attribute
Packet Loss < 5%

Virus Scan == True

Initial Delay < 10s

Delay Variance == Low

Functions located 
on intermediate 

nodes
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Forwarding on Gates (FoG)

 Dynamic composition of functional blocks (called “Gates”)
 Based on application requirements
 End-to-end and on intermediate nodes
 Reuse of existing gates for improved scalability

 Routing
 Bases on gates and not on network structure
 Supports functional and non-functional requirements

 Transfer independent from naming/addressing
 Routing is free to choose any addressing scheme

Inter-Network
Packet loss

Virus scan, Delay 
variance, Packet loss

Packet loss, 
Initial delay
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FoG Demo Screenshot
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Conclusions

1) YouTube QoE model is available.
2) Trade-off between user’s QoE and ISP’s costs adjustable by means 

of initial delays.
3) Additional video information has to be specified 
 to monitor QoE within the network (or monitor at end user),
 to optimally dynamically allocate network resources 

(or feedback information from end user);
 per frame information is recommended in practice.

4) Implementation of GAPI and FOG: work in progress.
 Clouds and open interfaces may be utilized
 New cloud applications and cloud QoE

1) QoE
2) Information Network

4) Dynamic

3) Exchange
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