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 [Replace 10.4 with the following.]
10.4. Near Real Time Video Streaming
There is no silver bullet on the synthetic traffic generation for streaming video.  Multiple analytical algorithms are proposed but no single reference algorithm is ideal for the task.  Generally, long rang dependency is recognized for the probability distributions of frame sizes.  By using self-similar traffic generator, some of the characteristics of the streaming video traffic can be reproduced.  However, the synthetic video traces generated by the analytical model are so much dissimilar to the reference traces that it is difficult to convince people that synthetic traces have captured the core characteristics of the streaming video traffic.
Since the streaming video traces are easy to get and they are easy to use in the simulation environment, a trace based streaming video traffic model is recommended.  In this model, a set of 12 MPEG4 traces are selected from the ASU video library.  They are representative of the typical mix supported in the network.  Among the 12 traces, 6 of them are from the major movie genre, such as drama, action, SciFi, and carton; 2 of them are from major sport events; 1 is from MTV, 2 are from talk show with and without commercial, and 1 is from TV sitcom.  The key characters of these streaming video traces are listed in the table below.
[image: image2.emf]Name

Hurst 

Parameter

Mean Bit 

Rate (Kbps)

Quantizatio

n (I-P-B)

CBR/V

BR

Movie

1 Citizen Kane

0.84 52 30-30-30 VBR

2 Citizen Kane

128 CBR

3 Die Hard

0.72 70 30-30-30 VBR

4 Jurassic Park

0.61 78.5 24-24-24 VBR

5 Star War IV

0.78 65 24-24-24 VBR

6 Aladdin

0.86 91 30-30-30 VBR

Sports

7

Football With 

Commercials

0.74 267.5 24-24-24 VBR

8

Baseball With 

Commercials

0.58 74.2 30-30-30 VBR

MTV

9 MTV

0.85 212.4 24-24-24 VBR

Talk Show

10

Tonight Show With 

Commercials (Jay Leno)

0.8 482 24-24-24 VBR

11

Tonight Show Without 

Commercials (Jay Leno)

0.93 55 24-24-24 VBR

Sitcom

12 Friends vol4 0.77 53 24-24-24 VBR

* From ASU video library.  URL: http://trace.eas.asu.edu/

MPEG4 Video Library*
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Video Traffic Modeling

Problems and Proposed Solution

		Problems:

		Variable-rate, encoded video traffic is self-similar

		There is no silver bullet on synthetic traffic generation

		multiple analytical algorithms were proposed but no single reference algorithm is ideal for the task

		Self-similar generators reproduce only some of the characteristics of video traffic

		Long-range dependence and probability distributions of frame sizes can be reproduced

		Synthetic video traces are dissimilar to the reference traces (e.g., synthetic traces do not capture the effect of scene changes)

		Proposed Solution:

		Use traffic traces instead of synthetic traces

		Easy to get and to use

		Define a benchmark set of video traces

		Representative traffic mix of video traces







Video Traffic Modeling

Taxonomy

		Traffic Modeling:

		V.S. Frost and B. Melamed; Traffic Modeling for Telecommunications Networks; IEEE Communications Magazine, 70-81, March 1994.

		A. Adas; Traffic Models in Broadband Networks; IEEE Communications Magazine; pp. 82-89, July 1997.

		M.R. Izquierdo and D.S. Reeves; A Survey of Statistical Source Models for Variable-Bit-Rate Compressed Video; Multimedia Systems, 7:199-213, 1999.

		X. Yuan and M. Ilyas; Modeling of Traffic Sources in ATM Networks; Proceedings of the IEEE SoutheastCon 2002; pp. 82-87, 2002.

		Fractional Gaussian Noise:

		B. Mandelbrot and J.R. Wallis; Computer Experiments with Fractional Gaussian Noises. Part 3: Mathematical Appendix; Water Resources Research, 5:260-267, 1969.

		J. Beran; Statistics for Long-Memory Processes; Chapman and Hall, 1994.

		V. Paxson; Fast, Approximate Synthesis of Fractional Gaussian Noise for Generating Self-Similar Network Traffic; Computer Communication Review, 27(5):5-18, 1997.

		S. Ledesma and D. Liu; Synthesis of Fractional Gaussian Noise Using Linear Approximation for Generating Self-Similar Network Traffic; Computer Communication Review, 30(2):4-17, 2000.

		D.A. Rolls; Improved Fast Approximate Synthesis of fractional Gaussian Noise; pp. 1-4, 2002.



Simulation Modeling

Analytic Modeling





Synthetic Trace vs. Real trace





Video Traces Library

Easy to Get



		Growing trend of using real video traces in network performance evaluation:

		Encoded video characteristics are dependent on the content, the encoding standard, and the encoding settings.

		An ideal traffic source provides traces with diverse encoding settings, covering multiple programming genres, and with long traces spanning tens of minutes at least.

		Video Traces Research Group at Arizona State University

		Publicly library of 100+ video traces:

		MPEG-4, H.263, H.264, …

		Movies, cartoons, sport events, TV-shows, lecture videos, news programs with multiple encoder settings

		Main reference:

		Seeling, Reisslein, and Kulapala; Network performance evaluation using frame sizes and quality traces of single-layer and two-layer video: A tutorial. IEEE Communications Surveys & Tutorials, 6(3):58-78, 3Q2004. 

		URL: http://trace.eas.asu.edu/







Video Traces Library

at Arizona State University

http://trace.eas.asu.edu/cgi-bin/main.cgi





Benchmark of Video Traces

Variability of Trace Characteristics

		It is important to consider a selection of video traces that is representative of the typical mix supported by the network.

		Video traffic characteristics depend on the video content itself and the chosen encoder settings (frame types used, quality, and rate control).

		Video streams encoded with constant quality level are highly variable with peak-to-mean ratios in the range from 4 to 25.

		Peak-to-mean ratio of frame sizes is a function of the encoded video quality.







Benchmark of Video Traces

Variability of Hurst Parameter

Tables from Statistical properties of MPEG video traffic and their impact on traffic modeling in ATM systems, O. Rose, 1995

		Proposal: select a set of 12 MPEG4 traces from the ASU library that includes 6 traces representatives of major movie genres (e.g., drama, action, sci-fi), 3 traces of major sport events (e.g., soccer, race, tennis), 3 traces of TV shows (e.g., talk show, newscast, music video).











Back Up







Video Traffic Modeling

Problems and Proposed Solution

		Problems:



Variable-rate, encoded video traffic is self-similar

There is no silver bullet on synthetic traffic generation

		multiple analytical algorithms were proposed but no single reference algorithm is ideal for the task



Self-similar generators reproduce only some of the characteristics of video traffic

Long-range dependence and probability distributions of frame sizes can be reproduced

		Synthetic video traces are dissimilar to the reference traces (e.g., synthetic traces do not capture the effect of scene changes)

		Proposed Solution:



Use traffic traces instead of synthetic traces

Easy to get and to use

Define a benchmark set of video traces

Representative traffic mix of video traces





MPEG-4 Video Trace Statistics

Sample Time Plots

CBR-encoded movie segment:

600-frame aggregation level:

CBR: Constant Bit Rate









MPEG-4 Video Trace Statistics

Sample Time Plots

VBR-encoded movie segment:

600-frame aggregation level:

VBR: Variable Bit Rate









MPEG-4 Video Trace Statistics 

Stochastic Self-Similarity of Video Traces





MPEG-4 Video Trace Statistics

Autocorrelation Function for GoP Sizes

		…gives a better picture of the underlying decay of the autocorrelation function.

		While long-term correlations are individually small, their cumulative effect is non-negligible.

		Fairly significant correlations over relatively long time periods, which are mainly due to the correlations in the content of video (e.g., scenes of persistent high motion)

		Possible ways of detecting long-range dependences are correlograms, variance-time plots, R/S plots, and periodograms.



100 GoPs ~ 40 sec





MPEG-4 Video Trace Statistics

Variance-Time Analysis

video trace

Poisson process

		traces without long range dependence decrease linearly with a slope of -1 (i.e., Hust parameter = 1/2)









Long-Range Dependence of Video Traces

Performance Consequences

Why should we care?

Long-range dependence (LRD) of traffic streams have been shown to cause performance problems in network infrastructure.

The Hurst parameter of video traces encoded without rate control ranges from 0.70 to 1.00, with a large H-value usually reflecting a large amount of video movement in the video sequence.

If ignored, typically results in overly optimistic performance predictions and inadequate network resource allocations.

cell delay, cell delay variation (jitter), and cell loss may be significantly higher than predicted by simple traffic models.

For example, Poisson traffic models may underestimate ATM cell loss by two to three orders of magnitude depending on the network utilization.

Recommended reference:

Self-Similar Network Traffic and Performance Evaluation

Edited by K. Park and W. Willinger, John Wiley & Sons, 2000.





Video Traffic Modeling

Problems and Proposed Solution

		Problems:



Variable-rate, encoded video traffic is self-similar

There is no silver bullet on synthetic traffic generation

		multiple analytical algorithms were proposed but no single reference algorithm is ideal for the task



Self-similar generators reproduce only some of the characteristics of video traffic

Long-range dependence and probability distributions of frame sizes can be reproduced

		Synthetic video traces are dissimilar to the reference traces (e.g., synthetic traces do not capture the effect of scene changes)

		Proposed Solution:



Use traffic traces instead of synthetic traces

Easy to get and to use

Define a benchmark set of video traces

Representative traffic mix of video traces





Synthetic Trace vs. Real Trace





MPEG-4 Video Trace Statistics

Distribution of Scene Changes

1 scene

~ 3 secs

		Within small locality of the order of few seconds, I frames exhibit small fluctuation about some average level, which itself varies at larger time scales.



A scene, in the visual sense, is loosely defined as a portion of a movie without sudden changes in view, but with some panning and zooming.





Video Traffic Modeling

Problems and Proposed Solution

		Problems:



Variable-rate, encoded video traffic is self-similar

There is no silver bullet on synthetic traffic generation

		multiple analytical algorithms were proposed but no single reference algorithm is ideal for the task



Self-similar generators reproduce only some of the characteristics of video traffic

Long-range dependence and probability distributions of frame sizes can be reproduced

		Synthetic video traces are dissimilar to the reference traces (e.g., synthetic traces do not capture the effect of scene changes)

		Proposed Solution:



Use traffic traces instead of synthetic traces

Easy to get and to use

Define a benchmark set of video traces

Representative traffic mix of video traces





Video Traces Library

Easy to Use

from A Streaming Video Traffic Model for the Mobile Access Network, Nyberg, Johansson, and Olin, 2001

traffic source

OPNET

Arizona State 

University Library





Video Traffic Modeling

Problems and Proposed Solution

		Problems:



Variable-rate, encoded video traffic is self-similar

There is no silver bullet on synthetic traffic generation

		multiple analytical algorithms were proposed but no single reference algorithm is ideal for the task



Self-similar generators reproduce only some of the characteristics of video traffic

Long-range dependence and probability distributions of frame sizes can be reproduced

		Synthetic video traces are dissimilar to the reference traces (e.g., synthetic traces do not capture the effect of scene changes)

		Proposed Solution:



Use traffic traces instead of synthetic traces

Easy to get and to use

Define a benchmark set of video traces

Representative traffic mix of video traces





Video Traffic Modeling


Uncorrelated Random Variables


SRD: Short-Range Dependent Processes


Renewal Processes


Poisson Processes


Bernoulli Processes


Phase-Type Renewal Processes


Markov Modulated Processes


IPP: Interrupted Poisson Processes


IBP: Interrupted Bernoulli Processes


IFP: Interrupted Fluid Processes


MMPP: Markov Modulated Poisson Processes


MMBP: Markov Modulated Bernoulli Processes


MMFP: Markov Modulated Fluid Processes


Regression Models


MA: Moving Average


AR: Autoregressive


DAR: Discrete Autoregressive


ARMA: Autoregressive Moving Average


ARIMA: Autoregressive Integrated Moving Average


TES: Transform-Expand-Sample


LRD: Long-Range Dependent Processes


Self-Similar Models


fARIMA: Fractional ARIMA


fGN: Fractional Gaussian Noise


fBM: Fractional Brownian Motion


Aggregation of High-Variability ON/OFF Sources


Markov Processes


DTMC: Discrete-Time Markov Chains


CTMC: Continuous-Time Markov Chains


SMP: Semi-Markov Processes


MRGP: Markov Regenerative Processes


MAP: Markovian Arrival Process


Name


Hurst 


Parameter


Mean Bit 


Rate (Kbps)


Quantizatio


n (I-P-B)


CBR/V


BR


Movie


1 Citizen Kane


0.84 52 30-30-30 VBR


2 Citizen Kane


128 CBR


3 Die Hard


0.72 70 30-30-30 VBR


4 Jurassic Park


0.61 78.5 24-24-24 VBR


5 Star War IV


0.78 65 24-24-24 VBR


6 Aladdin


0.86 91 30-30-30 VBR


Sports


7


Football With 


Commercials


0.74 267.5 24-24-24 VBR


8


Baseball With 


Commercials


0.58 74.2 30-30-30 VBR


MTV


9 MTV


0.85 212.4 24-24-24 VBR


Talk Show


10


Tonight Show With 


Commercials (Jay Leno)


0.8 482 24-24-24 VBR


11


Tonight Show Without 


Commercials (Jay Leno)


0.93 55 24-24-24 VBR


Sitcom


12 Friends vol4 0.77 53 24-24-24 VBR


* From ASU video library.  URL: http://trace.eas.asu.edu/


MPEG4 Video Library*
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Figure 10: Stochastic self-similarity of GoP sizes across aggregation levels of 20, 10,

5. and 1 (from left to right. top to bottom).




Log([10,nomalized variance]

Vazimnce Time Plov ( Harse = 0.845709

>

¥ o
- o _
— -
-
a
a
N
IS
a
a

Log [10, aggregavion  level |





2


1


ˆ


slope


H


+


=


Vidsotames
Appicaion eceiver e
CEmEm ()
TP puckrs
Server User

Teseapar
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Movies

Citizen Kane
Die Herd |
Jurassic Park |

Silence of the Lambs
Star Wars IV

Star Wars V.
The Firm

The Terminator |
Total Recall

Cartoons

Aladdin
Cinderell

Sports

Baseball
Snowboarding

TV sequences

Tonight Show





Legend for Quantization Parameters  (# = I-P-B)

Single, Temporal, Spatial 1=30-30-30 2 = 10-10-10 0-14-16 4 = 24-24-24 5= 04-04-04 6 = 04-06-08
Single RC, Temporal RC, Spatial RC 1 = 64kbps 3 = 128Kkbps. 5= 256kbps 6 = 512kbps
Poster Link Availability / Comments
QCIF
Cltizen Kane Simple (1,3,5) - Simple RC (1,3,5)
Get Trace Files and View Statistics Temporal (1,3,5) - Temporal RC (1,3,5)
Source: VHS
QCIF
Die Hard One Simple (1,3,5) - Simple RC (1,3,5)
Get Trace Files and View Statistics Temporal (1,3,5) - Temporal RC (1,3,5)

Source: VHS








