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High'Speed, Larg&cale, P2F:

Question Can we achieve all 3?
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Replica objects

Primary object

Donnybrook | Jeffrey Pang (CMU) | SIGCOMM 2008



High-Speed
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Local View

Replica objetcts-
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Inter-object writes
must be reflected
very quickly




High-Speed

Local View

Replica objects

i i Primary object

20 updates/sec
F mMc 1oLl I

Delay must be < 150ms
[Beigbede®’ n n 6

Donnybrook | Jeffrey Pang (CMU) | SIGCOMM 2008



LargeScale
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Bandwidth per PlayefMbps)
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Areaof-Interest (AOI) Filtering

AOnly receive updates gy
from players in your AC R
I ColyseusBharambéeb n c 6
I VONHuwnc 6
I SImMMUDKnutssor2 n n 6

AProblems

I Openarea maps, large battles

I Region populations naturally
follow a powerlaw

[Bharambe¥nc = t A 0 0 Ydwyopdkation 6 High population

Requirement ~1000 players isrameAOl
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Max # of players

Projected Scalability

Goal

128 256 384 512 640 768 896 1024 1152 1280 1408 1536

Upload bandwidth per peer (kbps)
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Not Enough Bandwidth

|deal Cable Modem

~—~~

128 kbps)
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Talk Outline

AMotivation and Goals

ADonnybrook: Interest Sets
I Reduces mean bandwidth demands

ADonnybrook: Update Dissemination
I Handles interest and bandwidth heterogeneity

AEvaluation
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Smoothing Infrequent Updates

A Sendguidance(predictions) A Problent Predictions are not

Instead of state updates always accurate
A Guidable Aextrapolates i Interactions appear inconsistent
transitions between points i Jarring if player is paying attention

I E.g., game patfinding code

LA Fr
A Actual path

Replicaobject

gwdance
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Donnybrook: Interest Sets

A Intuition: A human can only
focus on a constant number
of objects at once
w/ 2y WYWanmZ

Y Only need a constant numbel
of high-accuracy replicas

A Interest Set The 5 players
that | am most interested In

I Subscrib¢o these players to
receive 20 updates/sec

I Only get 1 update/sec from
everyone else
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Donnybrook: Interest Sets

w How to estimate human attention?
¢ Attention(l)) = how much | am focused on player

Attention(l) =

Tproximin/{dh) T fam( ) *  Tinteractionrecenciti)
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www.fraps.com
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10 9999
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Interest Set Evaluation

Question Do Interest Sets improve fun blmBWgames?
Question Do they maké.oBWgames as fun adiBW?

User study: each pair of players compares 2 of 3 versions:

RE R R RE R R RE R R
X X X

JIIRE
ol
- Il B
f LoBW f rLOBV\»‘ISr f HIBW f
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User Study Results

§ 10 LoBWNsSLoOBWIS LoBWISvsHIBW
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Survey:. How fun was each version?
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Max # of players

Projected Scalability

0

128 256 384 512 640 768 896 1024 1152 1280 1408 1536

Upload bandwidth per peer (kbps)

Donnybrook | Jeffrey Pang (CMU) | SIGCOMM 2008



Talk Outline

AMotivation and Goals

ADonnybrook: Interest Sets
I Reduces mean bandwidth demands

ADonnybrook: Update Dissemination
I Handles interest and bandwidth heterogeneity

AEvaluation
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Problem: Bandwidth Heterogeneit
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Problem: Interest Heterogeneity

— Attention

Donnybrook | Jeffrey Pang (CMU) | SIGCOMM 2008



Why not Overlay Multicast?

., T o ? - - :
TR & AMain requirements:
PR 3 1. Strict delay bound (150ms)
i 2. Frequent membership
@h changes (68% turnover/sec)
r 3. Bandwidth heterogeneity
A P 4. Many overlapping groups
- APrevious overlay multicast:
AW P2 A Unstructured/Narada NICE]
. Hard to meet 2 and 4
| QAN : | Y N 734 A : .
- Tl o A Structured|Splitstrean:
! !
JgrlgLepd @h e | L [z-;-: Hard to meet 1 and 3

Problem subscribetinitiated tree construction
needs lots of coordination overhead or iIs inflexible
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Donnybrook: Update Disseminatio

Forwarding Pool

& & : :
: y {
s N G | ; forwardingpool

1. Well connected peers join

A Based on relative bandwidth and

' latency thresholds

~# 2. These nodes advertise their

r forwarding capacity

PR B Frame #1 A piggybacked on low freq. updates
. 3. Sources randomly pick
i ¥R

enough forwarders to satisfy
[ needs each frame

: oM | A Avoids need for coordination
| . A Fixed tree depth to bound delay

Randomizedourcelnitiated tree construction
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Donnybrook: Update Disseminatio

Forwardlng POO' . 1. Well connected peers join

FL (o FL

? forwardingpool
4 A Based on relative bandwidth and
l ‘ latency thresholds
2. These nodes advertise their
forwarding capacity

Frame #2 A piggybackedon low freq. updates

3. Sources randomly pick
. - ‘ Q_ enough forwarders to satisfy
eIm ' v ml needs each frame
Joinred (e (e A Avoids need for coordination
A\ A A\ A . .
group A Fixed tree depth to bound delay

Randomizedourcelnitiated tree construction
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Donnybrook: Update Disseminatio

A Main requirements:

¢ 1. Strict delay boundconstant tree depth

¢ 2. Freq. membership changesacoordinated tree construction
4 3. Bandwidth heterogeneityhigh bandwidth forwarding pool
v 4. Many overlapping groupshared forwarding resources

A Tradeoff: If too many sources pick the same forwarde
then the forwarder must drop some updates

I Leave some headroom (advertise only %2 forwarder capacit
Y dropshappen rarely and only cause loss for 1 frame

I 5-10% loss is OReighede™®’ 1 n 6
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Update Dissemination Evaluation

Question Does this approach deliver enough

updates on time to preserve fun game play?
(l.e. 9095% of updates in 150m~& )

Evaluation setup

Implementation Quake3 with interest sets and update disseminatio
Synthetic10ev nnn LJX F € SNJ 3 YS:

Workload A based on real 32 player CTF gari&s
Packetlevel network simulator
Nebwork A bandwidth model: P2P hosfRiatekW n 1T 6

A latency model: Halo 3 playess| SS Wny 6
A loss model: twestate Gilbert modely 22K |y 3 4
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Evaluation Results
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% updates on time

100 200 300 400 500 600 700 800 900 1000
Number of players

Enough updates are delivered on time at all scales
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Donnybrook Summary

AKey techniques: 1400

I Interest sets:
reduce bandwidth demands = ,, |

i Update dissemination: & 600
handles heterogeneit g 40
. J Y = 200 | Without Donnybrook
A Ongoing work: 0 et e
0 128 256 384 512 640 768 896 10241152128014081536
I 1000 player deployment Upload bandwidth per peer (kbps)
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