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What Questions Come To Your Mind when You 
Think About Future Networks?  It is year 1990 ...  

Telnet 

FTP 

Email 

1980 1985 1990 

2K 213 33K 

ATM  

Which way to 
Information Age? 

SIGCOMM’88 

Tenet 
Project 

Windows 3.0 Released and 
 sold 3 millions copies 

NSFNet replacing Arpanet 

Bell Labs designed Plan 9 
Ethernet LAN and Datakit WAN  

Network File System 
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The 1990 Perspective   at 1st NOSSDAV, ICSI

 
!  Will video traffic dominate the future Internet? 

!  Do we need special Internet architectural support 
for video?  
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Two Opposing Viewpoints  

 
!  Will video traffic dominate the future Internet? 

§  Yes: people loves video; video has just too many bits 

§  No:  many applications will generate more bits 

!  Do we need special Internet architectural 
support for video?  
§  Yes: high BW, continuous, real-time, multi-point 
§  No: Moore’s law and clever applications will suffice  

4 
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… the Next 15 Years turned out to be the 
Web Internet … Not the Video Internet 
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… while Many Researchers Were 
Working on Video and QoS 
!   Packet scheduling 
!   Admission control  

!   Reservation protocols  

! Intserv vs. Diffserv 

!   IP Multicast vs. Application Layer Multicast  

!   Content Distribution Networks  
!   Layered video coding  

!   Peer to Peer streaming 

!   Congestion control 

! QoS routing   

6 
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… and Multi-party Conferencing Was 
The Motivating Application …
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ACMMultimedia – November 1995 – San Franscisco, CA 7

Figure 4: Vic’s User Interface

5 SIGNAL COMPRESSION

The flexible software architecture presented in the previous
section is well suited for experimentation with new signal
compression schemes. This is especially important since
video compression algorithms have been traditionally de-
signed for constant bit-rate channels and new approaches
are required for transmission over heterogeneous packet net-
works [18, 41] like the Internet. In its current form, the Inter-
net is a relatively harsh environment for compressed video
signals. Packet loss rates are often significant and loss pat-
terns are bursty [4]. Compression schemes that rely on low
bit error rate or on channel coding techniques to effectively
reduce the bit error rate do not operate well under these con-
ditions.
For compression algorithms like MPEG and H.261,

packet loss causes sustained degraded quality. This is due to
their method of removing temporal redundancy: Both use
a motion-compensating predictor to predict blocks in the
current frame from previous (or future) frames then code the
residual prediction error. Because the prediction is based on
the decoded signal, the model assumes the decoder shares
an identical state. But when packet loss occurs, the decoder
state becomes mismatched and quality degrades with each
new frame. MPEG and H.261 both rely on intra-mode
updates to eventually resynchronize, but at low bit rates,
the resynchronization intervals can be tens or hundreds of
frames so the probability of error in any given interval is
high enough that the decoded bit stream is virtually never

error free. The solution is to reduce the resynchronization
interval, in the extreme case, to a single frame. This is the
model used in Motion-JPEG, where each frame is coded and
transmitted independently of all others; but this approach
results in low compression efficiency because much of the
transmission is redundant.
Conditional replenishment. Another solution to this

problem is to forego motion compensation, and instead em-
ploy a very rudimentary form of prediction. Frederick’s
insight in nv was to use an aggressive, block-based con-
ditional replenishment scheme. In this model, each video
frame is partitioned into small blocks and only the blocks
that change (beyond some threshold) are transmitted. Fur-
thermore, block updates are always intra-coded (i.e., depen-
dent only on the current block) to avoid persistent errors in a
predictor loop. At some low rate, a background process con-
tinuously refreshes all the blocks in the image to guarantee
that lost blocks are eventually retransmitted.
Conditional replenishment works well in practice for sev-

eral reasons. First, block updates are “self-correlated” in the
sense that a block is usually transmitted because of motion in
the scene. Therefore, that same block will likely be transmit-
ted again in the next because of the spatial locality of the mo-
tion. Thus a lost block update is often retransmitted immedi-
ately as a side-effect of conditional replenishment. Second,
the class of video currently sent over the Internet is primarily
teleseminars and video conferences where large static back-
grounds often dominate the scene and conditional replenish-
ment is highly effective. Third, because the replenishment
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1990 – 2004: 1st Generation Commercial "
PC/Packet Video Technologies 

8 

!   Simple video playback, no support for rich app 
!  Not well integrated with Web browser  
!  No critical mass of compelling content over Internet 
!  No enough broadband penetration 
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2005: Beginning of Internet Video Era 

100M streams first year 

Premium Sports Webcast on Line 
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2006 – 2011: Internet Video Going Prime Time 

10 
   2006 2007 2008 2009 2010 2011 
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Dramatic Changes to Online Video

11 

!  Technology enablers in place
§  Broadband penetration  
§  Standard software & hardware platforms 

!  Real business model emerging
§  Premium content  (Hulu, NFL, HBO)

§  Advertising  & subscription (mlb.com, netflix, Hulu) 

!  Online audiences rival broadcast for major events
§  Olympics, Inauguration, Michael Jackson, World Cup

!  Convergence of TV, Internet, Mobile
§  Internet connected TVs (Xbox, Playstation, AppleTV, Raku, Sony, Samsung)

§  Internet connected smart mobile devices (iPad, iPhone, Android)

§  “TV Everywhere” over the top (HBO, ESPN, Turner, Comcast)
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Following  the Traffic …"
2011 Internet Traffic Distribution 
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Source: Akamai 66% Internet Traffic is Video  

IPTV  VOD 

Internet Video 

P2P  

Video Calling 

Web, email, data 

File transfer 

Online gaming 

VoIP 

Business Internet 
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Revisit the 1st NOSSDAV Discussion
 
!  Will video traffic dominate the future Internet? 

§  Yes: people loves video; video has just too many bits 

§  No:  future applications will generate more bits 

13 

The Answer is YES,  but holds for future? 

The Answer seems to be NO, but is it that obvious? 

 

!  Do we need special Internet architectural 
support for video?  
§  Yes: high BW, continuous, real-time, multi-point 
§  No: Moore’s law and clever applications will suffice  
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Hui’s 2011 Perspective

 
!  Video traffic will become an even larger fraction 

of the Internet traffic, reaching more than 90% 
§  While all traffic types (web, cloud) continues to grow

!  High % of video in Internet traffic mix has 
significant implications for Internet architecture
§  Need to have mechanisms to optimize video 

§  Potential to have more simplified and optimized 
mechanisms for other traffic 

14 
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2011 and Beyond: A World Full of  Elephants  

Video (100x traffic growth) 

Other Applications (10 x traffic growth) 

2011  
 

What Does It Mean For the Internet 
 If 95% Traffic is Video?  

2016  
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Video and Internet Architecture
!   What we have learned since 1990  

§  Live broadcast & VOD are driving applications  

§  Video conferencing is a niche application (traffic % wise) 

§  Incremental deployment of new architecture elements is key  

!   Key elements of the new architecture emerging  
§  Borrow ideas from 20 years networking research, but will take 

different form 

§  Separate control and data plane 

§  HTTP is the new convergence data plane layer 

§  Diverse device and network access speed have to be supported  

§  QoS & Scalability remain key challenges   

16 
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 Internet Video Eco-System Today 

Video 
Source 

Encoders & 
Video Servers 

CMS and 
Hosting Content Delivery 

Networks (CDN) 

ISP & Home Net 

Video Player 
Software  

Browser, PC, Mac 
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HTTP is the New Convergence 
Data Plane Layer

!  The detour to Web Internet has a key positive legacy 
§  HTTP chunk will be the new Datagram for Internet video  

§  HTTP chunk switches are the new switches/CDN servers 

!  Many practical problems solved for HTTP after years 
of evolution   
§  Middle-box support, authentication, firewall penetration, 

anycast  

18 

1990 
Internet   

Web 
Internet  

Video & Web 
Internet  
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Diversity and HD Drives Multi-Bit-Rate 

750 Kbps

CDN ISP

GEO CPU

750 Kbps
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Industry Status 
!  Basic mechanism of adaptive multi-bit rate support 

with HTTP chunking is supported  

!  The performance across different algorithms do 
differ     

20 
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0%

10%

20%
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50%
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70%
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90%

100%

Comparison of Different Adaptive 
Multi Bit Rate Algorithms 

Percent of audience with sustained bit 
rates greater than 1 mbps  

Max 
rate 
1.6 

mbps 

Max 
rate 2 
mbps 

Max 
rate 
1.8 

mbps 

Max 
rate 
2.5 

mbps 

3-letter 
studio 

3-letter 
studio 

Digital 
pure play 

Large 
live site 

3-letter 
studio 

How To Achieve High Bit Rate and Lower Buffering Ratio? 
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Opportunity of Going Higher Speed

<100 100-300 300-500 500-700 700-1000 1000-1600 1600-2200 2200-3000 >3000 

Actual Bit Rate Consumed 
 

Available Bandwidth 
22 

Untapped Brand Enhancement and 
Viewer Experience 

Multi Bit-rate can work 
2 ways: 
1.  Move down to safe levels 
2.  Push to highest 

experience possible 

Actual Bit Rate Consumed 
 

Available Bandwidth 
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Buffering … 

What is the State-of-Art of Internet 
Video Quality? 
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We’ve seen a pattern across 
many sites…. and billions of 
streams 
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Buffering Ratio As A Performance Metric

Non-trivial fraction of users suffer quality issues! 
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Poor Quality Impacts Engagements
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Example of Quantitative Impact

1% increase in buffering reduces engagement by 3 minutes 

[More Details in upcoming SIGCOMM’11 Paper ] 
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Viewers React to Poor Video Quality by 
Clicking Away

Even 1% increase in buffering leads to more than 60% loss in audience 

1% difference in buffering  
between two ISPs 

68% monthly loss in uniques for ISP 
with poor performance  
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Why CDN Video Solution Is Not Good Enough 

May	  still	  incur	  
connection	  or	  
streaming	  failure	  
or	  missing	  asset	  

Select	  a	  server	  
intelligently	  at	  
start	  time	   • 	  Does	  not	  know	  anything	  

about	  the	  state	  of	  the	  video	  
stream	  for	  the	  next	  45	  
minutes	  	  

!   CDNs are architected for the web Internet

!   Make a single decision on first object request

!   Use server-side load monitoring & intelligence
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Edge Server 
Capacity 
Failures 

CDN 1 
Storage 

CDN 2 
Storage 

Edge 
Server &  
Storage 

CDN-ISP  
Peering Link 

ISP 

End 
Host 

CMS 

CMS Asset 
Publishing 
Failures 

CDN Origin 
Failures 

Edge Server 
Storage 
Failures 

Peering Link 
Overload 

ISP Overload 

End Host 
Rendering 

Issues  

 
1

 
2  

3

 
4  

5

 
6

Internet Video Delivery Has Many Points of Failure 

There	  is	  a	  very	  high	  probability	  that	  a	  viewer	  watching	  even	  a	  15	  minute	  video	  will	  
experience	  visible	  quality	  degradation	  due	  to	  one	  of	  these	  issues	  …	  

Player 
Feature 
Issues  



CONVIVA CONFIDENTIAL 

Measurements of 3 Leading CDN Show 
Significant Variation Over Geo and ISP
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CDN performance varies across time

New York:COMCAST-33287 
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The Case For Receiver-Based "
Multi-CDN Control 

DNS 
Redirection 

DNS 
Redirection 

DNS 
Redirection 

Control Logic 

Ø  Real-time closed control loop 
Ø  Incorporates audience 
performance and coordinated 
network-wide decision algorithms 

o  Start time CDN and bit rate 
selection 
o  Run-time continuous 
optimization of CDN and bitrate 
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Flash Crowd 

34 

!   19% spike in global Internet 
!  Over 2Tbps traffic and 3.3 M visitors/min 
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35 

Buffering Increase

Flash Crowd Impacts Quality 
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May Need Global Adaptive or Admission 
Control Algorithm to Deal with Flash Crowd!
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Peak Concurrent Viewers Network Saturation Point

One DMA (all ISPs) became saturated once the PCV in the DMA crossed 
13,000

The saturation caused heavy fluctuation in the bandwidth available to 
viewers to stream video 

Immediate action was to cap the bit rate available to viewers in the DMA 
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Elements of Emerging Architecture 
!   HTTP chunk is the new Datagram for Internet video 

!   HTTP chunk switches are the new switches/CDN servers
§  Support both pull-based multicast  (cache miss and request) and push-

based multicast 

!   Peer-to-peer need to be incorporated 
§  Scaling is still a key challenge 

§  Video bits are most unprofitable  ($/bit)  

!   Key innovation may happen in out-of-band control plane 
(unlike RTSP and RTMP) for 
§  Video streaming control 

§  Multicast path control 

§  Peer-to-peer management 

§  Congestion control (bit rate adjustment and admission control)

§  Quality of Service  
37 
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Concluding Remarks 
!  Follow the traffic  

§  the Age of Internet Video has arrived
§  Internet video will fundamentally change TV, 

entertainment, social networking, games 

!  Video  requires architectural support
§  yes, it was said 20 years ago, but this time could be real

!  Quality of video experience does matter

!  Scalability requires federation of server resources 
§  Multi-CDN, hybrid CDN-P2P, integrated ISP/CDN

!  Architectural elements emerging
§  many research ideas are bearing fruit


