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High-Speed, Large-Scale, P2P: Pick 2

ÅMany console 
games are peer 
hosted to save costs

ÅLimits high-speed 
games to 32 players

Å1000+ player games 
need dedicated 
servers

High-speed

Large-scale

P2P
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Question: Can we achieve all 3?
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P2P

Internet Primary object

Local View

Replica objects
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High-Speed

Internet

Local View

Inter-object writes
must be reflected

very quickly

Primary object

Replica objects
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High-Speed

Internet

Local View

Replica objects

20 updates/sec
Ғ мс ƪōǇǎ ǇŜǊ ǇƭŀȅŜǊ

Delay must be < 150ms
[BeigbederΨлпϐ

Primary object
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Large-Scale

Internet
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Area-of-Interest (AOI) Filtering

ÅOnly receive updates 
from players in your AOI
ïColyseus[BharambeΨлсϐ

ïVON [HuΨлсϐ

ïSimMUD[KnutssonΩлпϐ

ÅProblems:
ïOpen-area maps, large battles

ïRegion populations naturally 
follow a power-law
[BharambeΨлсΣ tƛǘǘƳŀƴ Ψлтϐ

Requirement: ~1000 players in sameAOI

Low population High population

Quake 3 region 
popularity
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Typical broadband peer Mean of all peers (see paper)

Projected Scalability
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Not Enough Bandwidth

Ideal
20 updates/sec

Cable Modem (128 kbps)
5 updates/sec

[P2P Quake 3]
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Talk Outline

ÅMotivation and Goals

ÅDonnybrook: Interest Sets
ïReduces mean bandwidth demands

ÅDonnybrook: Update Dissemination
ïHandles interest and bandwidth heterogeneity

ÅEvaluation
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Smoothing Infrequent Updates

ÅSend guidance(predictions) 
instead of state updates

ÅGuidable AIextrapolates 
transitions between points
ïE.g., game path-finding code
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guidance guidance

Actual path

?

ÅProblem: Predictions are not 
always accurate
ïInteractions appear inconsistent

ïJarring if player is paying attention
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Donnybrook: Interest Sets

Å Intuition : A human can only 
focus on a constant number 
of objects at once 
ώ/ƻǿŀƴ ΨлмΣ wƻōǎƻƴ Ψумϐ
ÝOnly need a constant number 

of high-accuracy replicas

Å Interest Set: The 5 players 
that I am most interested in
ïSubscribeto these players to 

receive 20 updates/sec

ïOnly get 1 update/sec from 
everyone else
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Me

My Interest Set



Donnybrook: Interest Sets

ωHow to estimate human attention?
ςAttention(i) = how much I am focused on player i

d1
d2

1̒

2̒

Attention(i) =

fproximity(di) faim( i̒) finteraction-recency(t i)+ +
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Player 1 Player 2



= Interest Set

Not in Interest Set
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Interest Set Evaluation

Χ

Cable
Modem

curr
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IS

IS IS IS IS

Internet
(simulated)

Χcurr curr curr curr

curr IS currcurr

LAN
(simulated)

LoBW LoBW-IS HiBW

30 bots

2 humans

Cable
Modem

Internet
(simulated)

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

Question: Do Interest Sets improve fun in LoBWgames?

Question: Do they make LoBWgames as fun as HiBW?
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User Study Results
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Typical broadband peer Mean of all peers (see paper)

Projected Scalability
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Talk Outline

ÅMotivation and Goals

ÅDonnybrook: Interest Sets
ïReduces mean bandwidth demands

ÅDonnybrook: Update Dissemination
ïHandles interest and bandwidth heterogeneity

ÅEvaluation
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Problem: Bandwidth Heterogeneity

6Mbps

128kbps
512kbps

1Mbps
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Problem: Interest Heterogeneity

6Mbps

128kbps
512kbps

1Mbps

Attention
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6Mbps

128kbps
512kbps

1Mbps

Why not Overlay Multicast?

ÅMain requirements:
1. Strict delay bound (150ms)

2. Frequent membership 
changes (68% turnover/sec)

3. Bandwidth heterogeneity

4. Many overlapping groups

ÅPrevious overlay multicast:
ÁUnstructured [Narada, NICE]: 

Hard to meet 2 and 4

ÁStructured [Splitstream]: 
Hard to meet 1 and 3

Problem: subscriber-initiated tree construction
needs lots of coordination overhead or is inflexible

Join red
group

??
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Forwarding Pool

Donnybrook: Update Dissemination

6Mbps

128kbps
512kbps

1Mbps

Randomized source-initiated tree construction

Frame #1

1. Well connected peers join 
forwarding pool
ÁBased on relative bandwidth and 

latency thresholds

2. These nodes advertise their 
forwarding capacity
ÁPiggy-backed on low freq. updates

3. Sources randomly pick 
enough forwarders to satisfy 
needs each frame
ÁAvoids need for coordination

ÁFixed tree depth to bound delay
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Forwarding Pool

Donnybrook: Update Dissemination

6Mbps

128kbps
512kbps

1Mbps

Randomized source-initiated tree construction

Join red
group

Frame #2

1. Well connected peers join 
forwarding pool
ÁBased on relative bandwidth and 

latency thresholds

2. These nodes advertise their 
forwarding capacity
ÁPiggy-backed on low freq. updates

3. Sources randomly pick 
enough forwarders to satisfy 
needs each frame
ÁAvoids need for coordination

ÁFixed tree depth to bound delay

Frame #1
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Donnybrook: Update Dissemination

ÅMain requirements:
1. Strict delay bound: constant tree depth

2. Freq. membership changes: uncoordinated tree construction

3. Bandwidth heterogeneity: high bandwidth forwarding  pool

4. Many overlapping groups: shared forwarding resources

ÅTrade-off: If too many sources pick the same forwarder 
then the forwarder must drop some updates
ïLeave some headroom (advertise only ½ forwarder capacity)
Ý drops happen rarely and only cause loss for 1 frame

ï5-10% loss is OK [BeigbederΨлпϐ

Donnybrook | Jeffrey Pang (CMU) | SIGCOMM 2008 27



Update Dissemination Evaluation

Evaluation setup (see paper for details)

Implementation Quake3 with interest sets and update dissemination

Workload
Synthetic 100-мллл ǇƭŀȅŜǊ ƎŀƳŜǎ ǳǎƛƴƎ άōƻǘǎέ
Åbased on real 32 player CTF games [BharambeΨлсϐ

Network

Packet-level network simulator
Åbandwidth model: P2P hosts [PiatekΨлтϐ
Ålatency model: Halo 3 players ώ[ŜŜ Ψлуϐ
Åloss model: two-state Gilbert model ώ½ƘŀƴƎ Ψлмϐ

Question: Does this approach deliver enough 
updates on time to preserve fun game play?

(i.e.  90-95% of updates in 150ms [BeigbederΨлпϐ)
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Evaluation Results

Enough updates are delivered on time at all scales
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Donnybrook Summary

ÅKey techniques:
ïInterest sets: 

reduce bandwidth demands

ïUpdate dissemination: 
handles heterogeneity

ÅOngoing work:
ï1000 player deployment

High-speed Large-scale

+ +

P2P
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