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Publish Subscribe/CDN

- Publish Subscribe Systems
. Decoupling of publishers and subscribers
. Greater scalability

. More dynamic network topology
. Example: Usenet, OPS

- CDN
- Replication of data across sites

. Greater bandwidth of access
. Example:PPLive Acamai, Bittorrent
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Motivation

- Recent Applications
. IPTV, Tele-conferencing, Teleimmersion
- IP Multicast not widely available
- Why do we need different dissemination system for media
rather than reusing file distribution systems?
- High Bandwidth requirement(typically 1.5Mbps to 100Mbps)
. Low delay and jitter(<150ms)
. Periodic streaming(30 to 60 fps)
- lrregular traffic(l,P,B frames)
- Instream fault tolerance
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Models for Media Streaming

Server-Client Model

A Problems?
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Models for Media Streaming

Server-Client Model Single Multicast Tree(p2p)
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A Number of leaf nodes =f", interior

A Problems? nodes = (f"-D/(f -]
A Problems?
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 SplitstreamMultiple Multicast
Trees
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A27b = k ensures that forwarding load is balanced
Alnbound bandwidth control through Indegree

x In this picture, same color represents same node 7



How to Plit SIreams?

Multiple Description Coding

Packets for Description0

No | . [ 2 || %
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Packets for Description N

A Each description can be independently decoded
A Is splitting so easy?
AMPEG-2, MPEG4
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Pastry
- Routing based on id prefix match
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Building Multicast Trees
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® | AStripelDs differ in MSB to ensure interior
Nodeld starting Ox node disjoint trees.

Nodeld starting 1x AReverse path forwarding for tree join

x In this picture, same color represents same node 10
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Locating Parents

089* (08B* ' 081* Sk

Orphan performs two steps:
1) Push Down Process
2) Use Spare Capacity group

151
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Spare Capacnty Group

A Anycast

A DFS

A Verify:
V stripe available
V no cycle
formation

A An interior node can becomea parent for a streamld which doesnot
shareprefix with E Ghodeld.
A Fails no capacity left, desired stripe not available, cycle

formation(can be solved)
1:2
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IS the tree feasible?

- Condition 1.
. Sl <= SC
. Condition 1 is necessary but nosufficient

X A

- Condition 2:
. Condition 1 holds and
- Foralli:C >l then T, +I, = k

13
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IS the tree feasible?(2)

Probabillity of failure:

N| % k x (1 . I-m.in

k

Jkgi

- N = number of nodes
- K = number of stripes

- | 4in= mMinimum number of stripes that a node receives
. C = spare capacity S C, - S|,

Successate is high
| .in IS €Xpected to be close to k> higher success

. What about free riding?

14
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Complexity

Expected amount of state maintained by each node =
O(logN)

Expected number of messages to build forest =
O(NlogN) if trees are well balanced, else O(K) in
worst case.
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Experimental Setup

- Simulator models propagation delay.

- Three different network topology model used

. GATech[5050 routers, 10 transit domain, 10 stub domains, 10
topologies, link delay and routing by graph generator]

- Mercator[102,639 routers, measurements of internet, 2,662 AS
nodes, shortest path routing, no link delay info]

- CorpNet[298 routers, link delays = minimum of delay over
one month period]

- k=16
- SIx Configurations
- Stream size = 320Kbps

16



Node and Link Stress
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Node Stress

A 40,000 nodes

A Node stress independent of number of
nodes

e

Conf. || 1616 | 16x 18 | 16 x 32 | 16X NB | dxd | Gt
Max || 1411 1124 87| 1616 82 | 1032
Mean | 20.5 19 N[ 20 7] 182
Med. 16 16 16 " 9 16
Links | .98 8 97 Ak a7 07

A Link Stress
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Forest multicast performance

~

Conf. centralized | Scribe | IP | 16 x 16 12 ) ;7
Max 610081 | 3990 | 16 | 1411 I 1{}
Mean 1280 | 296 | 16 | 205 8" “RAD(exN® T 71}
Median 16 6 [ 16] 16 87| ~rap(t6x18) 11}
Links 3 AT | 43| 0% g ~ RAD (16 16) 11
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. e ° 4 1
A Link stress: 98% link utilization by 2 A
splitstream. 04 . . - .
0 05 1 1.5 2 25

Delay penalty

A RAD with respect to IP multicast
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| Catastrophic failures

16 '
-:1[ o |
14 1 i i
||.i| o |:|!|
12 T _
4 ?
£ 10 4 1_;—
S g4
5 | o
| 5 | -
g ' : -+ Maximum
Z 4 ' —— Average
:|| | —= Minimum
2 3
% I
0 ;

0 20 40 60 80 100 120 140 160 130 200 220

A 25% out of 10,000 nodes fall

Time (seconds)

19



Discussion

What major problem does SplitStream introduces for
multimedia streaming?

. Synchronization between streams

How can the synchronization problem be tackled?

. Bounding delay on receiving all the streams
. Optimization solution is NP Hard
. CanAnyseebe applied?

20
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Discussion

- Can Splitstream be used as CDN?
. SplitStream: High Bandwidth Content Distribution in

N 7z Pl 7 L
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"CDN
What is CDN?
i Content Distribution Network
CDN replicates the content from origin to the replica servers
Applications:
i News Feed

i Social Networking: Instant Messenger
Issues with RSS system
i Causes serious load problems for providers.
i 71 OEI T AA EO O30EAEUS?G
i Every client periodically checks news source,
A Consuming significant bandwidth.

22
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“Solution
Content provider impose hatlilmits based on IP address
Tradeoff resources for quick update performance

Corona
Lets look at Corona more closely

25



"CorONA

Novel, decentralized system for detecting and
disseminating Web-page updates

Solves the load problem

i Trading off resources for quick update
performance

i Publishers serve content only when
A Polled involves bandwidth vs update latency
Operates as a ring of cooperative proxy servers
Servers dedicated to
i check the channel and disseminating the news
Number of servers is determined optimally based on
i web object popularity, size, and update rate

24
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_—Corona: A High Performance PublBtibscribe
System for the World Wide Web

VenugopalarRamasubramaniaRyan PetersoEminG'un Sirer

Cornell University, Ithaca, NY

Published at NSDI06: Proceedings of the3rd conference on Networked Systems
Design & Implementation, 2006

25
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orONA

Cornell Online News Aggregator

Highperformance publish
subscribe system

Quick and efficient dissemination
of webmicronews

It uses Beehive

Interact through instant messages
backwards compatible with RSS
RSS: Really Simple Syndication
Syndication

i sale of the right to
broadcast

Conversation Options

£ ComellCorona X

subscribe www.nytimes.com NY Tit

CornellCorona: Thank you. You'll be notified
wWww.nytimes.com is updated.

list
CornellCorona: Here are the websites you're

NY Times { http://www.nytimes.com )

Princeton ( http://www.princeton.edu )

CNN ( http://rss.cnn.com/rss/chi

Reuben's blog { http

Apple (|

26
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“Corona Architecture

Infrastructure 1

[ Subscriber

Decentralized system: nodes act independently share load
Spreads load uniformly through Consistent-hashing

Each channel in Corona has a unigue identifigr

Primary Owner of a channel is the node with closesidentifi er

Adds additional owners for a channel in order to tolerate failures
27



“System Management

Corona manages Cooperative Polling through a periodic protocol
The Periodic protocol consisting of :
Optimization phase:

Nodes apply the optimization algorithm on figained

tradeoff data for locally polled channels and coagsained
tradeoff clusters obtained from overlay contacts.

Maintenance phase:

Changes to polling levels are communicated to peer nodes
In the routing table through maintenance messages

Aggregation phase:

Enables nodes to receive new aggregates of tradeoff
factors

28
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Structured Overlays: Pastry

object 0121 prefix-matching
- log, N hops

hash(“cnn.com”) 0021

0112

0122
home node

2012
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Cooperative Polling in Corona

— I

| L
O —

Web Server

Figure: Each channel is assigned a wedge of nodes to poll the content servel
and detect updates. Corona determines the optimal wedge size for each
channel through analysis of the global performance overhead Tradeofft.
[Figure:2 of Coron®aper]
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CostAware Resource Allocation

Fundamental cost and performance tradeoff
e.g. Lookup latency vs. memory / bandwidth consumption

Systemwide performance goals become constrained optimization
problems

Max.performances.t. cost limit
Min. costs.t. performancemeetstarget

Minimize update latency while ensuring the average load on
publishers

Achieve a target update latency while minimize bandwidth
consumption

34



ACoronalLite
ACoronaFast
ACoronaFair
ACoronaFairSqrt
ACoronaFairLog

A60 PlanetLabNodes
A7500 Channels
A150K Subscriptions

Different Tradeoffs for Optimization

Notations:

polling interval

T
M  number of channels

number of nodes

base of structured overlay
performance target

polling level of channel 7
number of clients for channel 1
content size for channel ¢
update interval for channel ¢

32
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Coronallite

Minimize the average update detection time while
bounding the total network load placed on the content
servers.

- Li N M
i T w sl < Ty

The overall update performance is measured by taking at
average of the updateletection time of each channel
weighted by the number of clients subscribed to the
channels

33
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‘Legacy RSS Vs Corit@

0 .mvmiLegacy RSS] 10 :
+ Corona Lite | | e
Z
2 't
= =
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v 20000 Chnn—tl{gl}{l}ﬂmk h!r'rI["i[)]r[lﬂ]]nril}' #0000 100000 o 20000 Chun-llzt{flnmmk h:.'ri["]:[)]r[pjlg]]uriur' 80000 100000
Figure:Number ofPollersper Channel. Figure:Update Detection Time per Channel:
Corona tradeff network load from Popularchannels gain greater decrease

in update detection timeéhan less
popular channels to decrease update popular channels[Figures of Corona

detection time of less popular channels and Paper]
achieve a lower systemvide average.
[Figure5 of CoronaPaper] 34
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CoronaFast

Provides a stable update performance

Steady performance at a desired level through changes in
working load

Minimizes total networkload on the content servers while
meeting a target average update detection time.

IE .

mln Z Si % S.L. Zl (i m; ﬂ TZ;IUI

It enables us to tune the update performance of the system
according to application needs.

35



~ Legacy RSS Vs Cordhe/Fast)
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Figure:Network Load on Content Servers: Figure:Average Update Detection Time:
Coronaliteconverges quickly to match the CoronalLiteprovides 15fold improvement in
network load imposed blegacy RSS clients update detection timecompared to legacy RSS
[Figure3 of CoronaPaper] clients for the same network loadFigure4 of

CoronaPaper] =



“Limitations of CorondLite/Fast)

Do not consider the actual rate of change of content in a channel

While some Weflbbjects are updated every few minutes, others
do not change for days at a time

Solution????
CoronaFair

37
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CoronaFair

CoronaFair incorporates the update rate of channels into the
performance tradeoff in order to achieve a fairer distribution of
update performance between channels.

Minimize average update detection tinver.t. expected update
frequency, bounding load on content servers

. M T+ pli % M N M
min. » " Gy N SUY oy sigr <> G

De niesmodifi edupdate performance metric as the ratio of
the update detection time and the update interval of the
channel, which it minimizes to achieve a target load.

Biases the performance unfavorably against channels with large
update interval times.

38
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“Coronalite Vs Corondrair

+ Corona Lie
¢ Corona Fair

10 4

Update Detecnon Time (sec)

0 20000 S OO 0000 100000
Channel Rank by Update Interval

Figure:Update Detection Time per Channel: Corehkair provides better update

detection time for channels that change rapidly than for channels that change

rarely. [Figure/ of CoronaPaper]
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Issues with Coron&ailr

A channel that does not change for several days experiences long update
detection times, even if there are many subscribers for the channel.

Solution????

ACompensate for this bias
I Update performance metrics based @y.rootand log

Y 2?7

» Square root and Logarithmic functions grow inearly
» Sublinear metric dampens the tendency of the optimization algorithm to punish slow
changing yet populaieeds.

CoronaFairSgrt& CoronaFairLog

40



CoronaFairSgrt& CoronaFairLog

ACoronaFair withsgrt weight on the latency ratio to
emphasize infrequently changing channels.

. M JT b M N M
min. 3 iy Sty s S0 @

ACoronaFair with log weight on the latency ratio to
emphasize infrequently changing channels.

. M lgg*r blz' ‘ M N M
M. Zl i logu; N S.L. Zl 'L"'i"-bf_i < 1 i

41
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. oronakFairSqgrtVs CorondgrairLog

1
10 g . . . . 3
F| O Corona Fair Sqrt :

[| = Corona Fair Lo

Update Detecton Time (sec)

0 200000 L] GO0 B0 1 OO0
Channel Rank by Upate Interval

Figure:Update Detection Time per Channel: CoreRkairSqrtand CorongrairLog x
the bias against channels that change rarely and provide better update detection

[Figure8 of Corona Paper]
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~Legacy RSS Vs Corona

. GO0
1
E £ 4000+
= =
210 5
- E
F P Z 2000t
- g
= =
(O rOTA —Corona
| vmim | gpacy RES v | ggacy RSS
][} 1 1 L L 1
] 2 _ 4 5] {}(J 2 4 B
Time (hours) Time (hours)

Figure: Average Update Detection Time:  Figure:Total Polling Load on Servers: The tota
Corona providesn order of magnitude loweload generated by Corona is well below the
update detection timecompared to legacy load generated bglients using legacy RSS
RS3Figure9 of CoronaPaper] [Figurel0 of CoronaPaper]
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" Performan
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ce Summary

Corona-Lite
Corona-Fair
Corona-Fair-Sqrt
Corona-Fair-Log
Corona-Fast

Average Update | Average Load
Scheme Detection Time | (polls per 30 min
(sec) per channel)
Legacy-RSS 900 30.00

53 @ansnc 48.97
142 50.14

33 - } 49.46
astest

33 49.43

32 38T
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Discussions

Does not require any change in the content sources
Globally optimum allocation of bandwidth

Extensive Simulation and practical results

Shield webservers from sudden increase in load
Suitable for Pulbased architecture

The average update time is 45 Sec

Is this model suitable for StodWarket?

45



AhySee Peerto-Peer Live Streaming

XiaofeiLiao,HaiJin,YunhadLiu, Lionel M. Ni, anDafuDeng

IEEE INFOCOM 2006, Barcelona, Spain, April 2006
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Mesh-based Overla

Each peer can accept media data from multiple parents as well as
provide services to multiple children

ExampleCoolstreaming Promise GNUStrear

Pros

 High resource utilization

. Fast discovery of fresh peers due to gossip
Cons

. Quality of service cannot be guaranteed due to gossiping

i large buffer space needed to reduce impact of autonomy of peers
(in a dynamic environment)

a7



‘AnySee -

A peerto-peer efficient, scalable live streaming system

adopts an intetoverlay optimization scheme

Objective:
c To improve global resource utilization and distribute traffic
evenly
¢  Assign resources based on their locality and delay
¢  Assure streaming service quality by using the nearest peers from
different overlays
¢ Balance the load among the group members.

Released in 2004 in CERNET
60000 users: TV, Movies, academic conferences

48



Intra-Overlay Optimization
S1() S20)
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ménter{)verlay Optimization
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~AnySednter-Overlay Optimization

B



/
e ——

“AnySedDesign: Challenges

How to find paths with low delays in a global P2P network
How to maintain the service continuity and stability
How to determine the frequency of optimization operations

How to reduce the control overhead caused by the
algorithm

52
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The System Diagram of amySeeéNode

|

Decoding/ Player

|

]

[ Buffer Manager }<

Key Node Manager

|

1

Single Overlay
Manager

\_

Inter -Overlay
Optimization Manager

N

/

]

]

Mesh-based Overlay Manager
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RoadmafLuLD?tector Message
TTL=0

dm (id.S.1)

TTL=1
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- Reverselracina Alaorithm

End
=g

>=§

(b) LastDelay =8

j=2
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~ Inter-Overlay Optimization Manager

Each peer maintains
i one active streaming path set
i one backup streaming path set

5 (P.5)
Y rate(SE.S.P)=rate(S) (1)
=1

5(P.5) 5, (P.5)

Y rate(SE.S.P)=p ) rate(SE.S.P) (2
i=1 i=1
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“Characteristics of a Manager

Employs a heuristic algorithm
. The system is optimized step by step

Probing procedures originate from the normal peers, not
the source peer, so that the control overhead is balanced to

normal peers

The number of forwarding neighbojs balance the
tradeoff between the optimization effectiveness and the

overhead
The frequency of probing and optimization is dynamic.

57



““Queuing Model

Queuing Model (M/M/m/K)

mp )
( ﬁr) p, n=01.m-1 }
pn:a‘, n. {3}
Mm }.I'J
" £ P, n=mm+1..K
m!

. | |
m —1 ! ™ . E-m+l
z{m_ﬂ} +(mp) 1—p -1
= i! m! 1—p (4)
Po =3 _ _ -1
]'i‘:l—]. I m

Z{H’}Jr{m} (K—m+1)} p=1

o 1! m!
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“Optimizations
Max(p(N,.N,... Ny, )) = Mrm{ i ( PP, ]]

1=i, j=M

(8)

M
Subject to Z N =N 1N <N

i=1
| he above optimization problem can be divided Into 2 parts

we enumerate allN1, 1)partitions of N spare connections

For allH partitions ofN connections, we can compute &l
results of average resources utilization

. select the best partition, based on which of the resources
utilization is maximal.

. N—1 . [-JM_J}! : .
' (M =1)(N=M)!
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““Simulation Parameters

Abbreviate Comment

5 Number of streaming overlays

M Number of neighbors

N S1ze of one overlay

I Streaming plavback rate

C Number of total bandwidth connections
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Figure: Continuity index V.S. streaming

rates when N=400, S=12 and initial
buffer size is 40 seconds [Figure 7 of
the AnySedPaper]
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Figure: Resources utilization: overlay size
V.S. the number of streaming overlays
when M=12, r=300 Kbps [Figure 8 of the

AnySedPaper]
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- Performance oAnySee

Figure: Height V.S. tree size [Figure 13 Figure: Sourcéo-end delay V.S. tree
of AnySedPaper] size [Figure 14 &AnySedPaper]
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